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ABSTRACT
Introduction:
Ensuring good health and wellbeing into old age is essential as the population is
ageing at a rapid rate and the number of older adults aged 65 and over will make up
almost a quarter of the Australian population by 2036. Older adults are at greater risk
of developing chronic diseases and suffering functional limitations as they age.
Therefore appropriate services are required to help prevent and/or manage these
issues so people can remain living longer and disease free in the community. A
number of these issues affecting older adults are known to be diet related. However,
a healthy diet is difficult to achieve if people do not have sufficient access to, and
availability of, nutritious foods, i.e. they are food secure. National measurement of
food security in Australia has been limited to a single item tool and consequent
reports suggest only 5% of the population run out of money and do not have enough
to buy more food. The single item does not explore the anxiety about acquiring food,
or the quality or quantity of food, but is limited to a brief assessment of the economic
ability to acquire food. If older adults are unable to access appropriate foods for
good health then their overall diet quality could be affected. Evidence from other
developed countries has found significant relationships between poor diet quality and
mortality as well as increased risk of poor health. Diet quality indices to measure
overall diet in terms of adhering to recommended dietary guidelines have been
developed over the past few decades; yet research in Australia has been limited and
findings reported primarily from cross sectional studies.
This research has two main aims: Firstly to determine the prevalence of food
insecurity and changes over ten years in a cohort of older Australians using a
comprehensive food security survey.

Secondly to investigate whether older

Australians adhere to recommended dietary guidelines using a newly developed diet
quality index.
Methods:
This thesis comprises five studies based on secondary data analysis from The Blue
Mountains Eye Study (BMES), a population based cohort of older adults aged 49
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years and older at baseline. Between 1992 and 1994 3654 (87.9% response rate)
participants were enrolled at baseline (BMES1) and were invited to attend follow up
visits every five years (BMES2, BMES3 and BMES4). At baseline and each followup assessment, participants completed in depth questionnaires that included
demographics, self-reported medical history and a 145-item food frequency
questionnaire. A comprehensive 12-item food security survey was included in the
BMES2 and BMES4 follow ups. Prevalence of, risk factors for and change over a 10
year period in food insecurity status were investigated using logistic regression
models.
Diet quality was indicated by adherence to the Dietary Guidelines for Australian
Adults. A new tool, the Total Diet Score (TDS) was modified and adapted from a
previous Australian diet quality index project and followed the US 2005 Dietary
Guidelines Adherence Index. The tool was divided into ten components each of
which had equal weighting and a maximum score of 20 was achieved if an individual
adhered closely to the dietary guidelines. The relationship between TDS and allcause mortality was examined using Cox proportional hazard risk ratios.
To measure the accuracy of the TDS, a validation study was undertaken by
comparing TDS scores calculated from the FFQ to TDS scores calculated from
weighed food records completed by 75 participants from BMES1. In addition, the
relationship between TDS scores and nutritional biomarkers were assessed by
analysis of covariance in the BMES2 Cross Section cohort.
Findings:
The prevalence of food insecurity was 13% in the BMES2 Cross Section,
considerably higher than previously reported using the single item economic tool.
Risk factors for reporting food insecurity included being female, less than 70 years
old, living in rented housing and living on a pension. Food security remained an
issue when participants enrolled in BMES2 and BMES4 were examined at ten years
(BMES4). In the survivor cohort, 4.8% reported being food insecure if previously
food secure and 3% reported being food insecure at both time points. The risk
factors for food insecurity over time included being divorced/separated, obese and
iii

living on a pension only. Loss to follow up was an issue in this cohort and predictors
of death prior to BMES4 included being male, up to high school education,
widowed, renting a home, diabetes, acute myocardial infarction, walking disability
and poor self-rated health.
To address the second aim, the Total Diet Score was used to determine the
relationship between diet quality and all-cause mortality. Participants in the highest
quintile of diet quality had a 21% reduced risk of all-cause mortality compared to
those in the lowest quintile of diet quality (HR 0.79, 95% CIs: 0.63-0.98, ptrend =
0.04). As was expected the consumption of optimal choice foods increased with
increasing TDS quintile; for example dairy intake increased from quintile 1 to
quintile 5 by 31%, but low fat or reduced fat milk increased by 224% across the
quintiles. The TDS scores from the FFQ were not significantly different from WFR
TDS scores. The regression analysis also found no significant linear trend between
the differences and the means of the TDS scores from the FFQ and WFRs using the
Bland Altman method.
No relationship was found between food security and diet quality nor was diet
quality a mediator between food security and health related quality of life. Quality of
life, measured through the SF-36 Health Survey, was found to be significantly lower
across all domains of physical and mental health in food insecure individuals
compared to food secure individuals after adjusting for a range of covariates. Lower
adjusted mean SF-36 scores were also found in the lower quintiles of diet quality
than higher quintiles of diet quality; however the differences were smaller and not
significant.
Conclusions:
This study found rates of food insecurity in an older Australian population were
higher than previously reported. This was also the first study to investigate changes
over time in an Australian population. The higher prevalence rate of food insecurity
found in this study was determined through the use of a comprehensive measurement
tool addressing anxiety, quality and quantity of the diet. Such a measure of food
insecurity is in line with current food security definitions unlike the single item tool
iv

that only asks about the economic ability to access food. Of particular importance
was the finding that a small number remained food insecure after ten years and
almost 5% of older adults became food insecure.
Diet quality in an older population was low but those with a higher diet quality had a
reduced risk of mortality, suggesting efforts are required to improve the diets of older
adults to improve their health outcomes. The TDS was a valid tool for measuring
overall diet quality in this population. It could be adapted for use in other age groups
by adapting serve sizes in the scoring protocol. Further research is required in this
area to adapt the TDS to the current dietary guidelines with appropriate validation
techniques to ensure the TDS measures overall diet quality as accurately as possible.
However, improving diet quality and health outcomes in older adults may only be
achieved if they are food secure and have the ability, economically and physically, to
access food as was shown by the significantly lower physical and mental quality of
life scores in food insecure individuals. Therefore, food insecurity monitoring and
measurement utilising an appropriate tool is required in Australia as a public health
priority.
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1 INTRODUCTION

1.1 Introduction
This chapter outlines the content of the thesis including the aims and objectives and a
discussion on the significance of food security and diet quality in older adults. The
background to the thesis is provided to guide the reader through the chapters and
concludes with a breakdown of how the thesis is structured over the subsequent
chapters.

1.2 Thesis aims
The thesis has two aims. Firstly, to understand the prevalence, potential barriers and
risk factors limiting access to a safe and nutritious diet using a 12 item food security
survey in order to assess the relationship between food security and quality of life in
a cohort of older adults.

Secondly to determine the utility and validity of a newly developed diet quality index
by assessing adherence to dietary guidelines and the relationship to mortality and
quality of life.

1.3 Thesis objectives
1. To determine the prevalence of food insecurity among an older Australian
population using a comprehensive measure and examine the demographic,
lifestyle and health factors associated with food insecurity.
2. To examine the changes in food insecurity status after 10 years follow up and to
examine socio-demographic differences of participants and non-participants at 10
years to determine whether response bias influenced the results.
3. To investigate diet quality, defined as adherence to the Dietary Guidelines for
Australian Adults (DGAA) and to report its relationship to core food groups
among older adults.
4. To identify the relationship between diet quality and mortality risk after 15 years
follow-up in the Blue Mountains Eye Study.
5. To determine the validity of the Total Diet Score diet quality index using two
different methods. Firstly, to compare diet quality scores calculated from a
validated FFQ against scores computed from the average of three, four-day
1

weighed food records (WFRs) in the same population. Secondly, to investigate
the relationship between TDS and a number of nutritional biomarkers.
6. To examine the relationships of food security status and diet quality, expressed as
adherence to published dietary guidelines, with health related quality of life, as
measured by the 36-item Short-Form Health Survey, in older Australians.

1.4 Significance
Food insecurity was highlighted as one of the issues in the Eat Well Australia, a
proposed national strategy for public health nutrition (2001), and identified as one of
the five public health nutrition priorities by the NSW Department of Health (NSW
Department of Health, 2004). Yet in Australia, little monitoring at the national and
state level has taken place. Measurement of food insecurity has been limited to one
question relating to economic access to food and has consistently underestimated the
prevalence of food insecurity (Nolan et al., 2006, Tapsell et al., 2011, Ramsey et al.,
2012). Prevalence of food insecurity in Australian adults is reported as 5.1% with a
higher proportion of younger adults reporting food insecurity compared with adults
aged 55 years and over (Temple, 2006). More comprehensive measurement tools
have been developed in countries similar to Australia examining the extent and
severity of food insecurity to address the broader definition of food security (Keenan
et al., 2001).
The Australian population is ageing at a rapid rate. Based on the 2006 census 18%
of the population were aged 50 to 64 years and 13% aged 65 years and over with the
latter group expected to almost double to 24% by 2036 (Australian Institute of Health
and Welfare, 2007b). Many of the older population suffer from at least one chronic
health condition which is a burden not only to the individual but also to the
healthcare system (Australian Institute of Health and Welfare, 2012). Although life
expectancy has increased, the final 10 years of life are more likely to be spent with
worsening health from chronic diseases (Armstrong et al., 2007). It was estimated
that in 1999-2000, $1.1billion was spent on providing hospital care for people with
three chronic diseases, respiratory and cardiovascular disease, diabetes and cancer in
New South Wales alone (Mirzaei et al., 2013).

The cost of healthcare to the

individual has been reported to increase with increasing co-morbidity, not just out of
pocket expenses for medical care but also home care, social support and transport
2

(Jan and Leeder, 2012). There are a number of modifiable health behaviours known
to reduce the risk of developing chronic diseases including consumption of an
adequate and nutritious diet.
Within Australia there has been a paucity of research relating to older adults and
their risk of food insecurity and diet quality. Physical access to food could be as
important as economic access to food in the older adult population.

It is

hypothesised that using more comprehensive tools to measure access to food
insecurity will uncover particular sub groups in the ageing population at greater risk
of food insecurity. These groups can be targeted to ensure everyone in the ageing
population can remain living disease free and independently in the community for as
long as possible.
Another issue to be addressed is the lack of longitudinal data on food security. To
date, evidence is predominantly derived from cross sectional studies. In addition,
evidence suggests that food security is related to poor diet quality, self-reported poor
health and increased risk of developing chronic diseases (Champagne et al., 2007,
Lee and Frongillo, 2001b, Stuff et al., 2006, Quine and Morrell, 2006, Temple,
2006). Yet it is not known whether poor health impacts food security status or food
insecurity increases the risk of developing chronic disease, potentially due to the
inability to acquire a healthy diet as recommended by published dietary guidelines.
This research provides the opportunity to examine relationships between food
security status, diet quality and health outcomes in an ageing population at a single
time point and 10 years later.

1.5 Background to the thesis
The thesis is based on secondary data analysis of a population based cohort of older
adults. The aim and objectives were developed around available data from this
cohort that had not previously been analysed.
In the study design, described in detail in chapter three, the original investigators had
the foresight to identify food security as an issue in Australia and included a
comprehensive 12-item food security survey to better understand access to food. The
3

investigators had realised neither adequate measurement nor monitoring of food
security was being carried out in Australia or in older adults. As such the food
security questionnaire was included in two of the follow up assessments (1997-1999
and 2007-2009). The availability of the data provided a valuable opportunity to
investigate this public health priority and present new contributions to the debate on
older Australian’s ability to access safe and nutritious food.
In addition, Associate Professor Victoria Flood (primary supervisor) and colleagues
were developing a new diet quality index having concluded that diet quality was
another under researched topic within older Australian adults and found no
applicable tools readily available.

To determine adherence to recommended

published dietary guidelines, a diet quality score was calculated from a 145- item
food frequency questionnaire. As part of this thesis I was involved in the refinement,
analysis and validation of the diet quality index, as discussed in chapters six and
seven.
As testament to the extent of analysis undertaken, the five main chapters (chapters
four to eight) in this thesis are presented in journal manuscript style. Two of the
manuscripts (chapters four and six) have been published whilst the manuscript in
chapter seven has been submitted for publication and is currently under review.
Chapters three and eight have been prepared for publication and will be submitted
shortly. Details of each manuscript are provided in the respective chapters.
To assess two measurement tools not previously utilised in an older Australian
population is an excellent opportunity to provide new and up to date evidence
surrounding the issues experienced by this age group in accessing a healthy diet. As
seen in other countries having appropriate services available to older adults, such as
Meals on Wheels and in home services, can improve their food security status and
dietary intakes (Duerr, 2006, Lee et al., 2011b). Concern about food insecurity in
Australia is not a government health priority and to date the extent of food insecurity
is randomly monitored using poor measurement tools.

The findings from this

research provide important evidence of the need to advocate for increased awareness
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of food insecurity as a public health priority, based on its potential to improve diet
quality.
A review of the literature was completed for each study and is provided in each
manuscript. However, the nature and meaning of food security is complex, therefore
chapter two separately reviews the existing literature, to understand the different
dimensions and the rationale for measuring food security in terms of access to food.
Also discussed in this chapter is the evidence surrounding links between food
security and diet quality. The review findings were utilised to develop and refine the
thesis aims and objectives outlined above. As this thesis is based on an older aged
population the evidence examined focused on adults and literature relating to
children was excluded unless findings relating to children only were available or
combined with adults in the same household.
Following on from this, a full understanding of the study design and methods of the
Blue Mountains Eye Study was required to appreciate not only how the study was
conducted, but to explore the breadth of the data available and establish that no
previous articles had been published in this area. This understanding is reflected in
chapter three. The main body of the thesis (chapters four to eight) discusses each of
the studies and the thesis is concluded in the final chapter.

1.6 Arrangement of this thesis
The chapters in this thesis are arranged as follows:
Chapter 2 sets the scene by reviewing the literature to highlight the gaps that will be
covered by this thesis.

It begins with a brief history of food security and its

definitions. It then moves on to describe the dimensions of food security, leading to
a discussion of the situation in Australia and older adults specifically.

The

differences between foods and nutrients and overall diet are discussed and the variety
of measurement methods is examined in the context of Australia and older adults.
The chapter concludes by examining evidence of a relationship between food
security and diet quality.
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As mentioned, the thesis is based upon secondary data analysis of the Blue
Mountains Eye Study (BMES), a population based cohort. Chapter 3 provides the
BMES study design and methods, including recruitment, data collection and details
about the different data time points. Details about the main measurement tools used
in the thesis are provided, in particular the 12-item food security survey and the
development of the new diet quality index.
Chapters four to eight are the main body of the thesis presented as manuscripts. The
first of these manuscripts (Chapter 4) describes a study about the prevalence of food
insecurity in this cohort and the potential risk factors for food insecurity. Chapter 5
follows on by investigating the change in food security status over time and
predictors of food insecurity at 10 years. A high attrition rate was found over the
study period so the chapter also discusses the issue of loss to follow up in the BMES
cohort.
Chapter 6 introduces diet quality and reports on how closely older Australian adults
adhere to recommended dietary guidelines as measured by the Total Diet Score. In
addition, diet quality and the risk of all-cause and cause specific mortality is
investigated using hazard risk ratios. The tool described in this chapter had not
previously been used and therefore Chapter 7 deals with validation of the Total Diet
Score. The manuscript is based on two validation methods, comparison of TDS
scores calculated from the FFQ to scores calculated from another dietary assessment
tool, weighed food records, and against a range of nutritional biomarkers.
Chapter 8 brings together food security and diet quality to investigate their
relationships to quality of life, as measured by the short form 36 questionnaire.
Quality of Life was selected as this is potentially a better indicator of health in older
adults than individual, non communicable chronic diseases.
The final chapter (Chapter 9) is a summary of the previous chapters with
conclusions and recommendations for future research and advocacy.
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2 LITERATURE REVIEW

2.1 Introduction
This chapter begins by reviewing the evidence relating to food security in wealthier,
industrialised countries and identifying gaps in the research, in particular the issues
within Australia that will be addressed by the aims and objectives outlined in chapter
one.

Following the discussion of food security is a review of the evidence

concerning diet quality. Although measurement of diet quality is well established
within some countries, this chapter will show that, in Australia, measurement is still
in its infancy with opportunities available for further investigation. The chapter
concludes by examining the available literature on associations between the two
topics under discussion and the research opportunities to be pursued.

2.2 Food security
2.2.1

Background

Food security addresses the ability of a population to acquire a safe and nutritious
diet through sufficient economic and physical resources as well as adequate
availability and access to safe food. Although the concept of food security is global,
risk factors for developing and developed countries differ.

In less developed

countries food security is affected more by limited resources, armed conflicts, lack of
political or economic infrastructure, high population density, and/or natural disasters
(Renzaho and Mellor, 2009).
Economically secure countries, such as Australia, have issues of food security that
are closely linked to inequalities in income distribution and socioeconomic
disadvantages (Renzaho and Mellor, 2009). A number of at risk populations exist
including the homeless, recent migrants, low income and elderly (Booth and Smith,
2001).

The focus of the literature review is the food security issues faced by

economically wealthier countries including the United States, Canada, the United
Kingdom and Australia.
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2.2.2

History

One of the first studies that discussed the difficulties of accessing adequate food by
low income families in the UK and was undertaken by Sir John Boyd-Orr in the UK
in the 1930s (Boyd-Orr, 1936). Boyd-Orr reported diets in the poorest group were
deficient in all aspects to ensure adequate health. Since then, global discussion
around food security has carried on although initially discussions were related to less
developed countries and finding ways of solving world hunger (Kutzner, 1991). The
food supply was the principal concern in developing countries to ensure there was
enough food available to feed the population. Since World War II efforts to reduce
world hunger have continued often in response to famine, adverse events or when
food systems have been interrupted, for example by the rise in global food prices or
political turmoil. A major turning point was the 1974 World Food Conference where
it was agreed that preventing hunger required input from more than just Government
agricultural departments. Up until that time, food security was measured objectively,
most commonly using proxy measures such as the supply of food and consumption
levels. The World Food Conference provided a platform for researchers to consider
subjective measures of hunger and food insecurity which captured cultural and
personal values (Maxwell, 1996, Webb et al., 2006). Maxwell (1996) suggested that
only quantity was captured through the objective measures and the quality of food
intake was not addressed. In addition the availability of food derived from the food
supply did not account for experiences at the household and individual level such
that adequate food may be available in local stores but lack of household resources
prevents access to this food (Renzaho and Mellor, 2009). From the 1980s the focus
shifted towards access and entitlement to food as a basic right (Maxwell, 1996).
Further evidence of the need to include subjective measures was highlighted in
Radimer’s research into the development of direct measures of hunger.

The

perspectives of low income women described both narrow and broader concepts of
hunger, the latter encompassing issues surrounding food supply, the quality of their
diet and how they felt about their situation, and the issues were more than just ‘going
hungry’(Radimer et al., 1992). These findings suggested that food insecurity was a
managed process where the individual had some control over the stages of food
insecurity within the household.

Although participants used different coping
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strategies to manage food insecurity within the household at different times, there
was a consistent sequence of food insecurity components.

Food insecurity

commonly begins with anxiety about acquiring food, followed by reduction in
quality and quantity of food intake(Radimer et al., 1992).
The growing research into subjective measures continued alongside the evolving
definition of food security, especially in higher income countries where food security
encompassed the ability to access a safe and nutritious diet in socially acceptable
ways. as well as a move away from the word ‘hunger’ towards the term ‘food
security’ (Campbell, 1991).

2.2.3

Definition of food security

No one definition has been agreed upon globally for the term food security. Indeed,
Maxwell (1996) listed 32 definitions showing the shift between 1975 and 1991 in the
understanding of food security from food supply through to access and entitlement.
However, in more recent times, the most frequently used definitions were derived
from the Food and Agriculture Organization (FAO) and the United States (US). A
comprehensive list of definitions is given in Table 2.1. The US definition is limited
to more economically wealthier countries as it includes “without resorting to
emergency food supplies, scavenging, stealing and other coping strategies”. This
would be inappropriate for countries suffering from human or natural disasters and
populations that rely on natural land resources (Renzaho and Mellor, 2009). The
most commonly used definition in Australia is that from the FAO and has been
adopted for this thesis.
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Table 2.1. Definitions food security and food insecurity
Food Security
Food and Agriculture Organization of the United Nations (Food and Agriculture
Organization, 2002):
“Food security exists when all people, at all times, have physical and economic
access to sufficient, safe and nutritious food to meet their dietary needs and food
preferences for an active and healthy life”(in this definition ‘preferences’ refer to
culturally and socially acceptable food)
United States (Campbell, 1991)
“…access by all people at all times to enough food for an active, healthy life and at a
minimum includes the following: 1) the ready availability of nutritionally adequate
and safe foods and 2) the assured ability to acquire personally acceptable foods in a
socially acceptable way.”
United Kingdom (Department of Environment Food and Rural Affairs, 2009)
“ensuring the availability of, and access to, affordable, safe and nutritious food
sufficient for an active lifestyle, for all, at all times.”
Food Insecurity (Anderson, 1990)
“… exists whenever the availability of nutritionally adequate and safe foods or the
ability to acquire personally acceptable foods in socially acceptable ways is limited
or uncertain.”
Hunger (Anderson, 1990)
“…, in its meaning of the uneasy or painful sensation caused by a lack of food, is in
this definition a potential, although not necessary, consequence of food insecurity.”
Food Insufficiency (Briefel and Woteki, 1992)
“an inadequate amount of food intake due to a lack of money or resources”
Adapted from Food, Nutrition and Health (Yeatman et al., 2013)
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The opposite of food security is food insecurity; several terms have been used to
describe food insecurity, including food hardship, food poverty, food insufficiency
and hunger (Holben, 2010).
The definitions described above have widened the scope of food security; indeed the
World Health Organisation separates food security into three pillars:
Food availability: sufficient quantities of food available on a consistent basis;
Food access: having sufficient resources to obtain appropriate foods for a
nutritious diet;
Food use: appropriate use based on knowledge of basic nutrition and care, as
well as adequate water and sanitation.
(World Health Organization, 2013)
These three pillars are focussed towards developing countries. However, it may be
more useful to consider food insecurity within two dimensions as shown in the
conceptual framework by Rychetnik, Webb et al (2003) in Figure 2.1, which
combines the WHO’s food access and food use pillars into one concept. This
framework was built around the determinants of food security, under the two
dimensions: food supply (availability) and access to food. The importance of this
conceptual framework is that financial resources are only one of a number of
determinants within the access to food dimension.
For completeness, both access to food and food supply are discussed in the following
sections, however, for the purposes of this thesis, the focus is on determining access
to food with a tool that addresses more than just the financial measurement of food
security. To date, monitoring and measurement of food security has primarily been
restricted to the latter, potentially leading to an underestimation of the problem in
Australia.
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Figure 2.1. Determinants of Food Security
Adapted from Food Security Options Paper: A planning framework and menu of
options for policy and practice interventions (Rychetnik et al., 2003)
2.2.4

Access to food - household and individual

Access relates to household and individual food security, that is whether a household
has sufficient resources to acquire food that is acceptable and nutritious. This is the
level where an individual has more control over their situation but they can also be
affected by external factors within their local environment.
2.2.4.1 Purchasing power
It has been acknowledged that food insecurity is closely related to poverty. Sub
groups regularly reported as being at higher risk of food insecurity include being on
lower incomes, living in rented accommodation, disabled, frail elderly as well as
ethnic minorities (Nord et al., 2008, Nolan et al., 2006). In addition, being food
insecure can result in poorer physical and mental health, as well as affecting
involvement in social activities, changed eating patterns that lead to obesity and
reduced nutrient intake (Booth and Smith, 2001, Seligman et al., 2010, Stuff et al.,
2004).
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In low income households, the most flexible part of the income budget is food, with
housing and utility bills often fixed. In Australia, the food budget makes up an
average of 17.3% of household expenditure. This percentage increases in lower
socioeconomic groups where the cost of buying nutritious food was found to be more
expensive and cost up to 32% of the weekly household earnings (Williams et al.,
2009). If additional expenses occur, such as medical costs or heating bills, the food
budget is the first to be reduced (Gorton et al., 2010, Nord and Kantor, 2006).
2.2.4.2 Purchasing power in older adults
Older adults, after retirement, are often limited in their income due to living on fixed
pensions which can be two thirds of their pre-retirement income (Yen et al., 2011).
However, compared to other age groups, the prevalence of food insecurity is lower
(Temple, 2006); explanations for this include receiving concessions on utilities and
transport or owning their homes outright. Yet some degree of food insecurity is still
present in this population and evidence suggests that living alone, reporting poorer
health, and renting accommodation were predictors of food insecurity (Quine and
Morrell, 2006, Temple, 2006).

Other factors may also exist such as physical

limitations and living in a location that restricts access to an adequate food supply
(Quine and Morrell, 2006).
2.2.4.3 Physical access
Evidence from qualitative research has indicated physical disabilities and social
factors affect dietary choices. Carrying, bending and shortness of breath were cited
during interviews with older adults as physical reasons for shopping difficulties
(Wylie et al., 1999). Adults participating in focus groups in the UK commented that
accessibility, in particular walking to a food store, was more important than the cost
of food, saying it was difficult to walk long distances and they were unable to carry
heavy shopping bags. Although some participants got a lift to a supermarket to do
their main food shopping, being able to do a regular top-up shop was important.
Lack of local stores meant they had to take a bus to the local shopping centre,
causing additional issues with walking to bus stops as well as getting on and off the
buses (Whelan et al., 2002).
13

Only one known study examining people’s experience of accessing food has been
completed in Australia. Coveney & O’Dwyer (2009) conducted in depth interviews
with the person responsible for food shopping in a wide range of households without
cars. They found that those who did not get financial assistance (disability, pension
or infirmity benefits) had difficulties in accessing food stores and coped by walking
or taking public transport to do the food shopping and returning by taxi. Australia is
a country where urban planning has been developed around car use. Those that do
not have a car are doubly disadvantaged in being unable to access supermarkets as
well as bearing the cost of private transport to carry goods (Coveney, 2005).
2.2.5

Environmental availability

Availability relates to upstream measures of food production, sustainability and
supply to people.

Individuals, even with purchasing power and knowledge of

healthy food choices, can only acquire these foods if there is ready availability of
safe and nutritious food. Donkin et al (2000) conducted a full censure of food retail
outlets within a two kilometre zone of a deprived area in London, UK and reported
carbonated drinks to be the most frequently available in 81% of stores, with a
maximum of 61% of healthy foods stocked in a store. In Melbourne, Australia, using
a similar two kilometre buffer zone, a larger number of supermarkets and fruit and
vegetables stores were found in more advantaged neighbourhoods than
disadvantaged neighbourhoods (Ball et al., 2009). Although there was a greater
availability of stores in the more advantaged areas, the cost of fruits and vegetables
was lower in disadvantaged areas. The quality of available food has also been
measured but research in this area is limited due the subjective nature of quality. In
NSW, the quality of fruit and vegetables was described as reasonably good, with a
mean quality score of 42 out of 50. No significant differences were found in food
quality between highly accessible locations and remoteness although some of the
remote locations scored less than 15 points out of 50 (The Cancer Council NSW,
2007). Similar good quality scores were found in supermarkets and specialty shops
(including greengrocers) in the metropolitan area of Adelaide, South Australia
(Wong et al., 2011).
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Findings from the Atherosclerosis Risk in Communities (ARIC) Study, where at
least half the participants were aged 60 years and over, showed that the prevalence of
overweight and obesity was higher in areas with convenience stores compared to
areas that had at least one supermarket (Morland et al., 2006). In recent years, there
has been a shift in food store types and locations with larger supermarkets belonging
to major chains, being built in suburban areas but requiring car access. As the
supermarkets have moved out of town, smaller stores in city centres have closed
(Guy and David, 2004). Evidence from the US suggests that those living in low
income areas do not have access to supermarkets and, due to lack of transportation,
find it necessary to shop at small neighbourhood stores where only a limited supply
of healthier foods are available.

These stores also are more expensive than

supermarkets (Andreyeva et al., 2008, Liese et al., 2007).
Increasing reliance on car access to supermarkets is an issue for older adults as the
number of older people who drive a car decreases with age. In older Australians it
was reported that 82% of 65-74 year olds had access to a car but the proportion
declined to 68% in 75-84 year olds and to 32% in those aged 85 and over (Australian
Institute of Health and Welfare, 2007b). These findings suggest that location of food
stores as well the type of store may have an effect on availability of food within the
local environment.
2.2.6

Measurement and monitoring of food security

Due to the complex nature of food security a range of measurement tools are
necessary to capture both access to and availability of food within an environment.
Tools available that can be used to help understand different aspects of food security
and the main quantitative survey tools are shown in Table 2.2.
2.2.6.1 Access
A number of tools have been developed to determine food security status in
populations within developed countries, mainly in the US. One of the first was the
Radimer/Cornell hunger and food insecurity measure (Radimer et al., 1990). The
measures were developed by conducting in depth interviews with 32 women who
received food assistance. From analysis of the interviews, Radimer developed a
conceptual framework that highlighted differences between household and individual
15

dimensions through four components as shown in the Table 2.3 (Radimer et al.,
1990). Household food security was influenced more by the social component in
terms of how they acquired food whereas individual food security was influenced by
psychological component of not having choice.

The final measurement survey

included 12 items that allowed measurement of food security as a managed process
ranging from anxiety about having enough food as the least severe level, to hunger in
children within the household as the most severe (Radimer et al., 1990).
Table 2.2 Tools available to measure access and availability to food
Access

Availability

Economic:

Price, variety and quality:

US Household Food Security Survey Module

Food Basket Survey

(HFSSM)
Radimer/Cornell questionnaire

Food retail outlets and local transportation:

The Community Childhood Hunger

Audit of food retail outlets
GIS mapping for walkability, and driving

Identification Project

distances to stores

Household Food Insecurity Access Scale

Public transport routes

(HFIAS)
New Zealand food security tool
Australia’s single question

Physical:
Focus groups and interviews
No specific measurement tools
Although originally conceived to measure hunger, the conceptual framework in
Table 2.3 does address the range of dimensions associated with the determinants of
access to food shown in Figure 2.1. It also shows the how the components differ
between the household and individual dimensions. An adapted version of this tool
was used to measure food security status in this thesis and is described in more detail
in the next chapter (Wolfe et al., 1998).
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Table 2.3 Dimensions and components of a conceptual definition of hunger
Component

Dimensions
Household

Individual

Quantity

Food depletion

Insufficient intake

Quality

Unsuitable food

Inadequate diet

Psychological

Food anxiety

Social

Unacceptable means of
food acquisition

Feeling deprived, lack of
choice
Disrupted eating patterns

Adapted from Radimer et al(1990)
In the United States, prevalence of household food security is monitored annually
through the United States Department of Agriculture (USDA). The US Household
Food Security Survey Module (HFSSM) was developed in 1995 and nowadays is
included in the Current Population Survey as a food security supplement (Hamilton
et al., 1997). The major contributors to the development of this tool were the
research by Radimer, as described above and The Community Childhood Hunger
Identification Project (Keenan et al., 2001, Carlson et al., 1999). Food security is
measured through a series of questions; 10 questions relate to the household and
adults and a further eight questions are asked if there are children in the household
(Bickel et al., 2000, Nord et al., 2008). Using this comprehensive measure enables a
distinction of four levels of food security (Table 2.4), with ‘high food security’ and
‘marginal food security’ defined as food secure and ‘low food security’ and ‘very
low food security’ defined as food insecure (Nord et al., 2008). One of the criticisms
of these levels is that households who answer one or two questions positively are
classified in the ‘high food security’ category therefore some at risk households may
be overlooked (Derrickson et al., 2001).
Another measure for monitoring food deprivation in households is the single item
food insufficiency question which has been regularly included in USDA food
surveys since 1977.

Households that report ‘sometimes’ or ‘often’ not getting

enough to eat are classified as food insufficient and this tool has been employed in
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the US to understand food sufficiency and dietary intakes of different populations
(Rose and Oliveira, 1997, Keenan et al., 2001).
Table 2.4 Labels used to describe food security status by the USDA.
Source: USDA ERS Briefing Room. Food Security in the United States: Hunger and
Food Security. http://www.ers.usda.gov/Briefing/FoodSecurity/labels.htm
Level

Description

High food security

No reported indications of food-access problems of
limitations

Marginal food

One or two reported indications – typically anxiety over

security

food sufficiency or shortage of food in the house. Little or
no indication of changes in diets or food intake.

Low food security

Reports of reduced quality, variety, or desirability of diet.
Little or no indication of reduced food intake.

Very low food

Reports of multiple indications of disrupted eating patterns

security

and reduced food intake.

Monitoring of food insecurity in Canada has taken place randomly in national
population surveys but since 2005, more consistent monitoring has been put in place
using the HFSSM in the Canadian Health Survey (Kirkpatrick and Tarasuk, 2008).
Another food security survey was developed for the 1997 National Nutrition Survey
in New Zealand resulting in eight statements with three response options: ‘always’,
‘sometimes’ or ‘never’. Once again qualitative methodology was undertaken to
develop the food security items. The focus groups included people on low income
and New Zealand Maori and Pacific Islander ethnic groups; however older adults
were not included.

Based on the resulting five themes (food insecurity, food

inadequacy, coping strategies, alternative sources and cultural issues) eight
statements were included in the 1997 National Nutrition Survey and repeated in the
2008/09 New Zealand Adult Nutrition Survey. Direct comparisons cannot be made
to other surveys such as the HFSSM because the questions measure different
outcomes although each statement was still related to economic ability to access
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food. In addition, the results are reported by each statement rather than as an overall
prevalence (Parnell et al., 2001, University of Otago and Ministry of Health, 2011).
However, in 1997 food insecurity decreased with age with the highest prevalence in
the 19-24 year age group (Parnell et al., 2001).
These measurement tools are widely used but they do have some limitations. Firstly
they are based solely on the economic ability to access food and do not account for
physical access to the local food supply. Indeed, Parnell et al (2001) acknowledged
that statements in the New Zealand food security tool were related to economic
access. Second, the focus groups held for the development of the New Zealand food
security survey did not include older adults whilst the Radimer/Cornell questionnaire
was based on one target group; women in households with children. As a result, the
findings from application of either tool may underestimate food insecurity in an older
population.

2.2.6.2 Validity and reliability of food security survey tools
As the survey tools have been regularly used in measurement of food insecurity, it
presumes that measurement is accurate but this may not be the case for a number of
reasons. The phenomenon is measured subjectively as discussed in section 2.2.2
above and there could be differences in how experts interpret collected data as well
as how sub populations interpret the questions (Gundersen and Kreider, 2009). In
addition, households may misreport their level of food insecurity due to shame. This
misreporting has been disclosed by heads of households with children not receiving
enough food or when food insecurity may have affected their eligibility into food
assistance programs.
A number of validation studies have been completed and have reported response
error, because food security is self-reported and that households do not respond
consistently to food insecurity surveys. A comprehensive evaluation of the HFSSM
by Frongillo (1999) provided strong evidence that the HFSSM was a valid measure
of food insecurity at the household level and was based on a deep understanding of
CCHIP survey.
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The Radimer/Cornell tool has been validated in a number of different groups, both in
developed and developing countries (Kendall et al., 1995, Welch et al., 1998, Shoae
et al., 2007, Frongillo, 1999). It is suggested that overall the tool is valid for the
respective population that is being measured. However, Shoae et al (2007) found the
tool was more accurate in assessing adult food insecurity and child hunger than
household food insecurity. For this thesis, food insecurity is focused on the adult
level rather than the household level providing some support for using the
Radimer/Cornell tool.
Validation of food insecurity measures in older adults is limited. However, Lee et al
(2011c) used the 6-item short HSFFM tool and reported its effectiveness in adults
with a mean aged of 75. They state the limitations of the HFSSM in older adults by
not addressing functional limitation and social isolation which may be more
important than economic factors affecting access to food in older adults. As a
primarily economic measure of food insecurity, the HFSSM was assessed in older
adults and compared to younger populations and it was reported interpretation of the
tool was similar in both populations and the tool was appropriate for use in an older
population (Nord, 2003). The disadvantage of the HFSSM is that it only measures
household food insecurity and not individual food insecurity.

2.2.6.3 Measuring frequency, duration and persistent food insecurity
Food security has been described as a dynamic state in which an individual’s or
household’s changing circumstances has a direct impact on their food insecurity
status (Hanson and Olson, 2012). For example in families, food insecurity may be
short term as a result of an unexpected crisis such as job loss or medical emergency.
In low income families in Canada, food insecurity was assessed at two time points,
one year apart and 68.3% of families were found to be food insecure at both times.
However, when examining the changes in response to the questions, they found that
73.4% had a change in severity of food insecurity (Loopstra and Tarasuk, 2013).
Their findings suggested that, as income and employment changes in a household,
food security status also changes. These findings related to families with children and
may not be applicable to older adults’ households because once individuals retire and
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are living on a pension, their income is unlikely to change considerably. However,
of more concern in older adults are additional costs such as an increase in health care
costs or heating bills that may impact spending available for food (Sattler and Lee,
2013).
Measuring acute versus persistent food security is difficult with the current
measurement tools as questions are asked about the previous 12 months or the last 30
days. They do not capture the cyclical nature of the food insecurity whereby food
insecurity may occur towards the end of each month as money runs out before next
payday. This creates issues on how to measure food insecurity over time. Hanson &
Olson (2012) argued that their results for persistent food insecurity reflected ongoing
food insecurity even though questions related to the previous 12 months they were
asked each year for three years. These results provide better evidence of persistent
food insecurity than measuring food insecurity at two separate time points however it
still does not address the issues of cyclical issue of food insecurity within a 12 month
period.
Measuring food insecurity over short periods of time may be useful for
understanding the effectiveness of food assistance programs. Lee et al (2011b) used
the 6-item short form HSSFM tool asking about food insecurity over the previous 30
days among older adults newly enrolled or on the waiting list to receive community
or home delivered meals.

They reported food insecurity decreased amongst

participants who began receiving food assistance after four months with a higher
proportion reporting food insecurity and persistence if they were on the waiting list.
In the US, Nord et al (2002) attempted to assess frequency and duration by
examining extra questions asked as part of the food security module of the Current
Population Survey Supplement and found most households who indicated they were
food insecure faced this recurrently and not just a once or twice during the year,
however, it was suggested that this recurrence differed across subpopulations.
Determining the frequency and duration of food security is still in its infancy and
requires further research and validation (Nord, 2013). Frequency and duration of
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food insecurity has not been addressed using the Radimer/Cornell survey tool and is
therefore not addressed in this thesis.

2.2.6.4 Monitoring and measurement of access to food in Australia
There has been no regular national monitoring of food security within Australia but a
single question was included in the 1995 National Nutrition Survey and the 2001 and
2004-2005 National Health Surveys, as well as included in the 2011-12 Australian
Health Survey. This question: ‘In the past 12 months were there any times when you
ran out of food and couldn’t afford to buy any more?’, provides an indication of the
risk of food insecurity rather than a measure (Booth and Smith, 2001). Using this
short question underestimates the extent of food security issues within Australia as it
only covers economic access to food. Since the 1995 National Nutrition Survey the
prevalence of food insecurity in Australian adults has remained stable at about 5%.
There has been a call for the development or adaptation of other tools to provide
greater depth of understanding into the extent and nature of food insecurity (Marks et
al., 2001).
The evidence relating to food insecurity in Australia has been limited to asking the
single item question at the state and national level. However, the use of more
comprehensive tools such as the HSFFM has been used by researchers and nongovernment organisations targeting low income populations. Studies in low income
areas of Sydney and Brisbane reported between 21% and 25% of households were
food insecure (Nolan et al., 2006, Ramsey et al., 2012). Babbington & Donato-Hunt
(2007) reported that 95% individuals (n=117) who received emergency relief
assistance were food insecure and 75% said they went hungry. In this study, most
participants experienced food insecurity due to lack of money however other reasons
also were given such as the cost of transport to stores and the cost of food in their
local retail environment.
2.2.6.5 Measuring physical access to food
As mentioned in section 2.2.4.3, measurement of the physical access faced by
households or individuals to acquiring food has been limited to qualitative studies
with no specific quantitative surveys found (Coveney and O'Dwyer, 2009, Whelan et
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al., 2002, Wylie et al., 1999). One or two questions relating to physical access have
been included in some surveys. For example, Burns et al (2010) added two questions
to the single item food security question, asking ‘Does your health limit the lifting or
carrying of groceries?’ and ‘Do you always have access to a car to do your
shopping?’ The prevalence of access to food due to difficulties in lifting was 19.1%
and not having access to a car was 15.0% compared to only 8.1% of individuals who
reported they did not have enough money to buy food. Nolan et al (2006) also
included a number of questions relating to difficulty accessing shops to buy food.
They reported the main issues were difficulty with usual mode of transport, reduced
mobility, difficulties shopping with children and distant to shops. These findings
suggest that additional information should also be collected to gain a broader view of
food insecurity, as opposed to just having the economic ability to access food.
2.2.6.6 Food availability
Food insecurity has been measured indirectly by examining the availability of food
within stores.

This can be achieved by visiting retail food outlets to collect

information on price, quality and/or assessing the availability of a number of
specified foods.
In the US, the Thrifty Food Basket (TFB) is equivalent to the food basket used in
Australia to measure the cost of food for a family over a certain time period that can
be bought cheaply. In the lower Mississippi Delta, a known disadvantaged area,
70% of low income populations lived more than 30 miles from the nearest
supermarket and the availability of foods making up the TFP was greater in
supermarkets than grocery stores and convenience stores (Connell et al., 2007).
Jetter & Cassady (2006) adapted the TFB to include healthier options and surveyed
the availability and cost of the healthier basket in higher versus lower income
neighbourhoods. They found that the smaller grocery stores had more items that
were never available. In addition, the healthy food basket was more expensive than
the regular TFB but package size made a difference to the cost with regular items
being sold more often in larger sizes (Jetter and Cassady, 2006).
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2.2.6.7 Food availability in Australia
The Healthy Food Access Basket (HFAB) has been commonly used in Australia and
includes food items that meet 70% of nutritional and 95% of the energy requirements
for a reference family of six for two weeks. It should be noted that the foods
included are the most commonly consumed and available as well as including some
energy dense ‘non-core’ foods (Lee et al., 2002). In Queensland the cost of the
HFAB rose by 6.1% from 2004 to 2006 with fruit, vegetables and legumes increasing
by 17.4% suggesting that more people are at risk of becoming food insecure due to
rising food prices (Harrison et al., 2010). The price of HFAB food items also
increased as distance increased from the major cities with highest prices reported in
the very remote regions of Queensland (Harrison et al., 2010). As expected, the
availability of healthier food options declines as remoteness from major cities
increases.
In the Illawarra region of NSW a similar healthy food basket, The Illawarra Healthy
Food Basket Index (IHFBI), was developed to assess the cost of 57 food items that
met the weekly nutritional needs for a reference family of five. The IHFBI was
designed to correspond with the Australian dietary guidelines in 2000 and includes
13 discretionary foods such as coffee and ice-cream (Williams et al., 2009). The cost
of the IHFBI has increased 20.4% since 2000 but the increase was less than the
Consumer Price Index food basket (which includes household goods, restaurant
meals and takeaway foods). An interesting finding was that since the baseline survey
in 2000, fruit and vegetables have been cheaper when purchased from greengrocers
rather than supermarkets yet they still account for the largest price increases in the
IHFBI. The IHFBI survey was limited to a mainly urban area and does not reflect
the state of New South Wales as a whole, unlike the results from the HFAB in
Queensland.

There has been no national monitoring of healthy food prices in

Australia. Most states and territories have adapted either the HFAB or IHFBI to
examine the cost of foods within both urban and rural environments. However, such
adaptations make it difficult to provide an overall assessment of the price and
availability of food nationally.
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2.2.6.8 Local food environment
Another indirect tool to measure food insecurity is to identify all retail foods stores
within a population area and list the types including: supermarkets, fresh food outlets
(greengrocers, bakeries, butchers and fishmongers), convenience stores, fast food
outlets, takeaway restaurants and restaurants with and without takeaway facilities.
The density of stores can be measured by counting the number of different types of
stores within a specified distance of a household, for example 500 metres has been
suggested as a walkable distance to a food store (Laraia et al., 2004).
In Canada, one study determined accessibility to supermarkets by measuring walking
distance and available public transportation in London, Ontario. Measurements were
geocoded into GIS software (Larsen and Gilliland, 2008).

Low socioeconomic

neighbourhoods had worse access to supermarkets if walking but once public
transport was factored in, the degree of access was attenuated (Larsen and Gilliland,
2008). GIS mapping software was used in New Zealand to determine travel times
from the centroid of a neighbourhood to the closest supermarket. They found that
fruit and vegetable intake was not associated with better access to a supermarket
although the people living in the quartile of neighbourhoods that had better access to
convenience stores were less likely to eat the recommended intake of vegetables
when compared to residents in neighbourhoods who had the worst access (Pearce et
al., 2008). This highlights the necessity of looking at all methods of transport to food
outlets as improving public transport may be one area that could alleviate food
insecurity.
2.2.7

Risk factors for food insecurity

As already mentioned, income is one of the primary determinants of food insecurity
(Rose, 1999) with measurement in Australia focused on this one area. However,
individuals and households who are not low income may also suffer from some level
of food insecurity, possibly because of physical limitations or poor food availability.
With the focus on low income, Nolan et al (2006) examined levels of food insecurity
in three disadvantaged areas in Sydney, NSW where they compared results from the
Australian single item tool to the US HFSSM. A 6% higher prevalence of food
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insecurity was reported using the US household tool compared to the single item.
The authors asked additional questions relating to transport issues and found
predictors of food insecurity included difficulty getting to stores (a quarter of
participants had mobility issues), distance to the stores and shopping with children
(Nolan et al., 2006). The study sample included any person aged 18 and over in the
household but the issues of distance to stores and difficulty accessing stores could be
highly relevant to the older adult population.
Results from the 2000/01 Canadian Community Health Survey found that 7% of the
population aged 65 years and older were financially food insecure compared to 19%
of 18 to 24 year olds and 12% of 46 to 64 year olds (Gervais and Ledrou, 2005). The
study authors suggested it could be that non-financial factors decreased nutritional
status in this population including illness and physical restrictions.
The prevalence of food insecurity in the US decreases with age when measured with
the HFSSM but factors relating to older adults such as being less mobile, having less
access to low cost stores or being widowed have not been measured (Rose, 1999).
The prevalence of food security in 60 to 90 year olds in the National Health and
Nutrition Examination Survey (NHANES) III was 1.7% but increased to 8.6% in
those with functional impairments (measured by activities of daily living and
instrumental activities of daily living) (Lee and Frongillo, 2001a).
One of the few Australian studies that examined the prevalence of food security in
older adults was undertaken by Quine & Morrell (2006). The 1999 NSW Older
People’s Health Survey used the single item question and reported 2% prevalence of
food insecurity over the previous 12 months. They found that struggling financially
was a predictor of food insecurity in both men and women whilst having lower selfreported health and no private health insurance were predictors for men only and for
women, the predictors were living in rented accommodation, living alone and
reporting a less healthy lifestyle (Quine and Morrell, 2006).
Evidence suggests that protective factors for food security include home ownership,
older age and higher education level as determined through cross sectional studies
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(Rose, 1999). In Australia, for older adults, protective factors reported have included
home ownership, public and private pensions as well as concessions including
cheaper council rates, water and sewage, electricity, subsidised medications and
public transport (Temple, 2006).

This may explain why there was a higher

prevalence in food insecurity reported in people aged between 55 years and 65 years
compared to people aged 65 years and over as pensions and concessions were not yet
available. However, due to the lack of longitudinal evidence it has not been possible
to explain the findings. Some of these factors will be considered in this thesis.
This review of the literature on measurement of food insecurity highlights the need
for additional measurement tools to investigate the non-financial factors related to
food access.
2.2.8

Consequences of food insecurity

One of the issues of research into food insecurity is the lack of longitudinal data
(Rose, 1999). Evidence of food insecurity has been derived from cross sectional
studies where food insecurity has been associated with poor health as described
below.
Research has found an association between food insecurity and self-reported
fair/poor health (Lee and Frongillo, 2001b) as well as self-reported chronic disease
(Tarasuk and Beaton, 1999, Vozoris and Tarasuk, 2003, Stuff et al., 2004). In
Canada, the prevalence of household food insecurity was significantly associated
with self-reported poorer physical, mental and social health but the results were not
broken down by age (Vozoris and Tarasuk, 2003).
Few studies have examined the association between food security and measured
diagnosis of chronic diseases such as cardiovascular disease, diabetes and
hypertension. One study in the US examined data from NHANES where part of the
data collection included physician visits for tests and procedures assessing a range of
health conditions (Seligman et al., 2010, Centers for Disease Control and Prevention,
2007). Adults from low income households aged 18 to 65 years had a significantly
(21%) higher prevalence of clinical hypertension in food insecure households
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compared to food secure households. The risk of clinical diabetes was about 50%
more in food insecure households after adjusting for covariates (Seligman et al.,
2010).
In a study of women with at least one child in their household, 40% of those
classified as food insecure had long term health problems and health worsened with
increasing severity of food insecurity. The majority of the women in this study were
low-income and receiving welfare benefits, so there was a higher percentage of
household food insecurity (Tarasuk, 2001). In a low income area of the US where
prevalence of food insecurity reached 20%, there were higher numbers of adults with
poorer self-reported health status in food insecure households than food secure
households as well as lower scores for physical and mental health (Stuff et al., 2004).
These findings suggest that food insecurity could exacerbate poor health.
Assessing the relationship between food security and health outcomes in older adults,
Vailas (1998) reported that food insecurity was inversely associated with quality of
life amongst 155 Americans who ate either at congregate meal sites or had home
delivered meals. In a larger sample (n=1,006) from a rural area of the US, selfreported health was measured using the MOS 36-item Short-Form Health Survey
(SF-36). This tool measures functional health and wellbeing both physically and
mentally broken down into eight components.

Poorer functional health was

significantly worse in each of the three levels of food insecurity compared to those
who were food secure (Pheley et al., 2002).
The findings of a relationship between food security and health outcomes were based
on cross sectional data and causal pathways cannot be determined as it is not clear
whether poor health limits access to acquiring a nutritious diet or whether having a
lack of resources to achieve a nutritious diet impacts health. In a study of 268
homebound older adults aged 60 years and over, Sharkey (2005) reported that food
insufficiency was prevalent and increased over time, especially in those with diabetes
but the changes were only measured over one year.
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Although there is evidence that poorer self-reported health is associated with food
insecurity, there is a paucity of research from longitudinal studies examining the
potential impact of food insecurity on health in community living older adults over
time.

2.3 Diet quality
In recent decades the importance of assessing overall diet, termed ‘diet quality’, has
gained prominence as research has advanced from examining individual nutrients.
Within the diet, nutrients are not consumed independently but are combined together
within a variety of foods. These foods consist of many different nutrients and other
bio-active elements which can work together or against each other (Ocké, 2013). At
the population level, monitoring of overall dietary intake is required in order to
determine changes in dietary practices and the effects they may have on health.
Two approaches are most commonly used to assess diet quality; the first is the a
priori approach whereby diet quality is defined by scoring diets based on published
dietary guidelines or recommended diets. The second method, the a posteriori
approach, uses statistical methods such as cluster analysis, factor analysis and
principal component analysis to derive dietary patterns from collected data (Waijers
et al., 2006, Bamia et al., 2007, Harriss et al., 2007, Brunner et al., 2008, Heidemann
et al., 2008). The a priori method has been adopted for this thesis and the remainder
of this section focuses on these tools and their uses in the literature with an emphasis
on diet quality in Australian adults.
Diet quality has been widely covered in the literature with a number of reviews
published giving overviews of the diet quality indices and their relationships to
health outcomes (Waijers et al., 2007, Arvaniti and Panagiotakos, 2008, Wirt and
Collins, 2009, Kant, 1996, Kourlaba and Panagiotakos, 2009, Bach et al., 2006,
Fransen and Ocké, 2008). These reviews have focused on research in the US and
European countries with limited evidence discussed from Australia. It is beyond the
scope of this thesis to examine all the research, however a brief overview of the
primary tools are discussed with some of the health outcomes to highlight the need
for a novel tool to be developed for the older Australian population.
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Some of the first diet quality indices include the Diet Quality Index (DQI), Healthy
Eating Index (HEI), Recommended Food Scores (RFS), and Mediterranean Diet
Score (MDS). The main components of each of these indices are described in Table
2.5 below (Kennedy et al., 1995, Haines et al., 1999, Kant et al., 2000, Trichopoulos
et al., 2003). However these indices have been modified, adapted and updated as
published guidelines have been updated and this has resulted in the availability of
many different versions of diet quality indices.
In recent years, the relationship between overall diet quality and the risk of mortality
or developing chronic disease has grown (Osler and Schroll, 1997, Kant et al., 2000,
Michels and Wolk, 2002, Knoops et al., 2006, Harriss et al., 2007, Kaluza et al.,
2009). Using the Mediterranean Diet Score, increasing diet score by two points was
associated with a 25% reduction in mortality (Trichopoulos et al., 2003). Results
from other European studies, using modified diet quality scores, have also reported
an inverse association between diet quality and all-cause mortality in both men and
women (Osler and Schroll, 1997, Michels and Wolk, 2002, Knoops et al., 2006).
In the US, socioeconomic status (SES) was reported to be positively associated with
diet quality in adults aged between 20 and 65 years (Beydoun, 2008). SES was
based on both educational level achieved and household income (Beydoun, 2008).
Also using education level and household income to measure SES, Cabrera et al
(2007) reported differences in overall diet quality and SES in men but not women
aged 70 years old. Neighbourhood income level as well as individual level income
may also be associated with poor dietary intakes; Diez-Roux et al (1999) found that
intakes of fruits, vegetable and fish were lower in lower income neighbourhoods.
Diet quality may also be affected by proximity to supermarkets or food stores.
Laraia et al (2004) found an association between diet quality and the closeness of
supermarkets in pregnant women in the US. Pregnant women living more than three
miles from a supermarket had significantly lower diet quality. The food environment
assessed in this study comprised supermarkets, grocery stores and convenience
stores; to measure distance the authors used census block grouping and walkable
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distance of 0.5 miles, however type of transport used and data on available public
transport were not collected (Laraia et al., 2004).
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Table 2.5 Description of the key diet quality indices
Diet quality index

Objective

Index methods

Healthy Eating
Index(Kennedy et al.,
1995)

Assess diet
intake based
on US Dietary
Guidelines

Diet Quality
Index(Patterson et al.,
1994)

Assess diet
quality against
diet-related
chronic
diseases

Recommended Food
Scores(Kant et al.,
2000)

Consumption
of food
recommended
by current
dietary
guidelines
Overall diet
based on the
traditional
Mediterranean
diet

10 components divided into two group
Food group intakes: Grains, vegetables,
fruit, milk and meat. Meeting dietary
guidelines: Total fat saturated fat,
cholesterol, sodium, and variety
8 components in order of perceived
importance: Total fat, saturated fat,
cholesterol, servings of fruit and
vegetables, servings of grains and
legumes, protein, sodium, calcium,
supplement use, fluoride intake
23 items from the FFQ that measured
fruits, vegetables, dark breads, high
fibre cereals, reduced fat or skimmed
milk included in the index. Items not
meeting published recommendations
excluded from index.
8 components: High consumption of :
monounsaturated fat:saturated fat ratio,
legumes, cereals, fruits and vegetables
Low consumption of: Meat and meat
products, milk and dairy products.
Moderate intake of alcohol.
Sugars and syrups not included.

Mediterranean Diet
Scores(Trichopoulos
et al., 1995)

Scoring mechanism
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Dietary
method
Each component scored between 24hr recall and
0 and 10. Lower scores for lower 2 day food
intakes. Total score is sum of the record
components. Maximum score =
100
24hr recall and
Total score range from 0 to 16
2 day food
with lower scores reflecting
record
better diet quality. Each
component scored between 0
and 2.
Maximum score = 23. Scored 1
point if consumed a
recommended food at least once
a week.

62 item FFQ

Cut offs were used to determine 190-item semi
whether participants met the
quantitative
guideline using the median value FFQ
for each gender

2.3.1

Diet quality in Australia

There has been limited research examining diet quality in Australian adults. It was
reported that only 41% of women participating in the Australian Longitudinal Study
on Women’s Health met one half of the Australian dietary guidelines (Ball et al.,
2004) whilst no evidence was found on how well men adhered to dietary guidelines.
This suggests many individuals are not consuming enough recommended foods to
optimise their health. Using the a posteriori approach to assess dietary patterns,
higher intakes of cereals and fruits and vegetables were reported in 18 year old
women compared to men of the same age (Milligan et al., 1998). Arabshahi (2011)
examined changes in diet quality in adults over a 15 year follow up period and
reported that, although diet quality improved slightly over the time in both men and
women, initial scores were below the maximum available and suggested further
improvements in diet were required. However, the authors did not assess the link
between diet quality and health outcomes (Arabshahi et al., 2011). Changes in food
and nutrient intakes individually were examined over 10 years in a cohort of men and
women aged 49 years and over and found that energy and sugar intake increased in
women while wholegrain/meal bread consumption decreased in both men and
women. Another interesting finding from this study was a significant increase in
canned fruit consumption although mean fruit consumption did not increase (Flood et
al., 2010).
An inverse association between a high diet quality score and prevalence of diabetes
in Australian men and prediabetes in Australian women was reported in a study using
a food based diet quality index (McNaughton et al., 2009). A different index, based
on Kant’s RFS, found higher scores were associated with better self-rated health,
higher socio-economic status and lower percentage of energy from total and
saturated fat (Collins et al., 2008). To date, studies examining diet quality (reflecting
the current Australian dietary guidelines) longitudinally have been limited.

As

discussed above Arabashi et al reported slight improvements in diet quality over time
(Arabshahi et al., 2011). More recently, in a small cancer study of Australians aged
25 years and over, Zarrin et al (2013) reported a 70% reduction in cancer mortality
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with higher diet quality scores but no relationship to all-cause mortality. However,
the authors suggested the lack of significan association could be due to small sample
size. As the existing data were cross sectional it was not possible to determine
whether diet quality results in poor health outcomes or vice versa. Additionally, no
published studies were found that directly assessed the relationship between food
insecurity and diet quality.
Mishra et al (2005) examined demographic inequalities and their relationship to diet
using urban, rural and remote areas, occupation and marital status as predictors of
food security. They found that living area and marital status had only small effects
on dietary intakes but unmarried women were more likely to have lower intakes of
micronutrients and vegetables (Mishra et al., 2005).

2.4 Food security and diet quality
As discussed in section 2.2, little research has looked at the effect of food insecurity
on health outcomes longitudinally. However, it is well known that consuming an
energy dense diet plays a role in the risk of developing a number of chronic diseases
including cardiovascular disease, hypertension, diabetes, cancer and obesity.
Researchers have reported intakes of fruit and vegetable do not reach recommended
levels (Magarey et al., 2006, Johnson et al., 1998) and evidence of a relationship
between diet quality and morbidity/mortality has consistently shown increased risks
of poor health with poor diet (Wirt and Collins, 2009).
One study initially reported higher diet quality scores in food secure participants than
food insecure participants but after adjusting for demographic variables no
significant relationship was found between diet quality and food security status in
adults aged 18 years and over (Champagne et al., 2007). Among adult women who
participated in the 1989-90 NHANES survey, HEI scores were significantly lower in
food insufficient women, however it is not known if these findings were adjusted for
other potential confounders (Basiotis and Lino, 2003).
Within homebound older women, low nutrient intake and multiple health conditions
were associated with the presence and also the risk of food insufficiency. Food
insufficiency affected food choice in terms of type, quantity and variety and the need
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to change meal patterns (Sharkey, 2003). Using the food sufficiency question, it was
found that food insufficient older adults aged 65 years and over had less than two–
thirds of the recommended daily allowance for calcium, vitamin E, vitamin B6,
magnesium and zinc.

Mean energy intake was found to be only 58% of

recommended daily allowance for older adults (Rose and Oliveira, 1997).
The limited findings described above provide some evidence that food insecure
adults have poorer diets, possibly increasing their risk of developing chronic disease.
What is not clear from the literature is whether food insecurity impacts diet quality
which may lead to an increased risk of poor health or whether poor diet quality leads
to worse health outcomes which results in food insecurity as shown in the proposed
framework (Figure 2.2).

2.5 Conclusion
The review of the literature has highlighted the complex nature of food insecurity
and possible relationships to diet quality. For older adults it may not only be
economic access that affects food security status but also physical access to food.
Restricted access to food, both economically and physically, may increase the risk of
poor health outcomes and physical limitations. There is a paucity of research in this
area in Australia. The literature provided some indication of links between food
insecurity and food and nutrient intakes but limited evidence of relationships
between food insecurity and overall diet quality was found. The impact of health and
physical limitations on food insecurity and poor diet quality has not been widely
investigated. This thesis proposes to explore further the relationships of both food
insecurity and diet quality to health outcomes as presented in the proposed
framework (Figure 2.2) through the aims and objectives outlined in Chapter one.
The direction of the arrows indicates the potential pathways are based on the
published literature and investigated further throughout this thesis.

35

Predictors:

Low income, living in rented accommodation, living alone, disability,
younger old, women, self rated poor health

Diet quality

Food insecurity

Availability

Access
Physical limitations

Environment
Economic




Physical

Quality of life: encompassing physical and mental health and social and
emotional wellbeing
Health outcomes: cardiovascular disease, diabetes, coronary heart disease,
cancer, hypertension, obesity

Figure 2.2 Proposed framework for the potential relationships between food
insecurity, diet quality and health outcomes in older adults (aged 49 years and older)
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3 STUDY DESIGN AND METHODS

3.1 Introduction
The content of this thesis is based on secondary analysis of data derived from the
Blue Mountains Eye Study (BMES). Brief details of the cohort study are provided in
each of the methods section of chapters four to eight. However, this chapter provides
a description of the study design, sampling methods and generalisability of the
BMES cohort to the older Australian population. Having reviewed the different tools
available to assess food security and diet quality in the previous chapter, the specific
tools used in BMES, the 12-item food security survey and the Total Diet Score are
discussed in further detail in this chapter. Brief explanations are provided as part of
each manuscript in the following chapters.

3.2 Blue Mountains Eye Study
3.2.1

Participant recruitment

The Blue Mountains Eye Study is a population based cohort study which was
established to assess the prevalence and causes of visual impairment and common
eye diseases in older residents living in a two-postcode region, west of Sydney,
Australia. (Mitchell et al., 1995).
Recruitment was conducted through a door-to-door census to identify all free living
permanent residents aged 49 years and over living in two postcode areas of the Blue
Mountains (2780 and 2782), in order to obtain a representative sample. Maps of the
study location are included in Appendix A. Permanent residents were defined as
living in their local residence for more than six months of the year. The study was
publicised locally and residents were notified by mail prior to each census taking
place. The first postcode census was conducted between November and December
1991 and the second postcode census took place from March to April 1993. A total
of 4433 residents were identified as eligible and 3654 (82.4%) individuals underwent
eye examinations at a local hospital. A further 625 residents, who were age eligible,
but resided in nursing homes within the two postcode areas were excluded from the
study because the inclusion criteria was restricted to free-living residents. Following
the door-to-door census 278 residents were not contactable or could not be examined
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because they had died (1.5%) or had moved from the area (4.8%) therefore the
response rate was 87.9% at baseline (3654 out of 4155 residents contacted) (Mitchell
et al., 1995, Attebo et al., 1996). To encourage participation, evening and weekend
appointments, home visits and transport were made available, however no financial
incentives were offered (Cugati et al., 2006).

BMES1
1992-1994

4433 Eligible

68 died
210 moved out of area
501 refused to participate

3654 examined (83%)
2897 usable FFQs (79%)

543 died
BMES2
1997-1999

3111 survivors
777 Refused/moved
2334 examined
2005 usable FFQs (86%)
2090 complete FSQ (90%)

535 died
BMES3
2002-2004

2544 survivors
592 Refused/moved
1952 examined
496 died

BMES4
2007-2009

1532 usable FFQs (79%)
2048 survivors

454 Refused
364 moved
81 Too frail

1149 examined
991 usable FFQs (86%)
1006 complete FSQ (88%)

Figure 3.1 Participant attendance in the Blue Mountains Eye Study at baseline and
the three follow up time points
38

Baseline data were collected in 1992-1994 (BMES1) with follow up visits conducted
every five years (1997-1999 BMES2, 2002-2004 BMES3 and 2007-2009 BMES4).
A flow chart of survivors at baseline and each follow up visit is shown in Figure 3.1.
3.2.2

Blue Mountains Eye Study Cross Section Study

Between 1997 and 1999, 3111 survivors were invited to participate in follow up eye
examinations, and 2334 (75.1%) participants completed the clinic visit (BMES2a).
In addition, using the same recruitment methods as BMES1 (section 3.2.1), a further
1378 men and women were identified as eligible to take part in the extension study
(BMES2b) either because they had moved into the area or they had reached the
minimum age criteria. From 1999 to 2000, 1174 (82.5%) residents completed clinic
visits as part of the BMES2b. The ‘BMES2 Cross Section’ study is a combination of
participants from BMES2a and BMES2b and data were collected from a total of
3509 participants, as outlined in Figure 3.2.

BMES2
3111 survivors
BMES2
Cross Section

2334 examined (75%)
2005 usable
FFQs (86%)

2090 complete
FSQ (90%)

3509 examined (83%)
2996 usable
FFQs (85%)

BMES2 Extension
1378 eligible
1174 examined (83%)
961 usable
FFQs (82%)

978 complete
FSQ (83%)

Figure 3.2 Flow chart of participants enrolled in BMES2 Cross Section
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3068 complete
FSQ (87%)

3.2.3

Sample representativeness

The representativeness of the BMES cohort was examined at baseline and in the
BMES Cross Section. Findings from baseline suggested the BMES cohort had many
similar characteristics to the general Australian older adult population measured in
the 1991 census regarding age distribution and gender. However, Webb & Schofield
(1999) reported higher socio-economic status in terms of a higher proportion owning
their own house/flat, post school qualifications and fewer numbers of migrants and
manual workers in this cohort.
As the BMES Cross Section comprised two thirds of survivors from BMES1 and one
third newly eligible subjects, participant characteristics were compared to determine
whether they remained representative of the general Australian older adult
population. It was found that participants were similar in age and gender as well as
similar numbers who were married, living alone or owning their home. However,
there was a higher proportion of participants who self-reported cancer and diabetes in
BMES Cross Section but fewer people who self-reported their health as fair or poor
or were smokers as shown in Table 3.1 below (Foran et al., 2003).
3.2.4

Ethical approval

The study followed the recommendations of the Declaration of Helsinki Principles.
Ethical approval was obtained from the Sydney West Area Health Service and
University of Sydney Human Research Ethics Committees. All participants provided
written informed consent at clinic visits prior to examinations. As this thesis was
based on secondary data analysis of de-identified records, further ethical approval
was not required.

However, chief investigator A, Professor Paul Mitchell, has

verified permission for the data to be used by the author in a letter to the University
of Wollongong’s Human Research Ethics Committee (Appendix B). Supervisor,
Victoria Flood is also a chief investigator on BMES.
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Table 3.1 Participant characteristics from BMES1 and BMES2 Cross Section
(adapted from Foran, Wang & Mitchell (2003)
Characteristic

BMES1

BMES2 cross section

n (%)

n (%)

66.2

66.7

49-59

1019 (27.9)

930 (26.3)

60-69

1309 (35.8)

1238 (35.3)

70-79

960 (26.3)

978 (27.9)

80+

366 (10.0)

359 (10.2)

Female

2072 (56.7)

1997 (57.0)

Married

2288 (62.8)

2156 (61.7)

Lives alone

991 (27.4)

936 (26.8)

Owns home

3152 (88.7)

3140 (89.7)

High job prestige

2213 (62.2)

2319 (69.0)*

Post high school qualifications

1731 (47.4)

1574 (44.9)†

Drives car

2452 (69.0)

2504 (85.5)*

Heart disease

586 (16.1)

593 (17.1)

Cancer

310 (8.5)

443 (12.7)*

Diabetes

218 (6.0)

255 (7.3)*

Fair/poor self-rated health

907 (25.3)

709 (20.3)*

Current smokers

491 (13.4)

357 (10.2)†

Age (mean)

Self-reported history of:

n = number of persons
*p = <0.01, †p = <0.05

3.2.5

Data collection

At baseline, in addition to eye examinations at the clinic visits, height, weight and
seated blood pressure were measured and each participant completed an in-depth
interviewer-administered questionnaire.

This questionnaire covered socio-

demographic characteristics, medications, as well as family and medical history of a
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range of health conditions. For the BMES2 Cross Section, participants were sent a
comprehensive questionnaire and requested to bring the completed questionnaire to
the clinic examination.

Information about diet, food security status, and visual

function was included in this questionnaire along with the Short-Form 36 (SF-36)
quality of life questionnaire. The SF-36 was administered at each of the follow up
visits but not at the baseline visit (Chia et al., 2004).
Fasting blood tests were collected at baseline and each follow up visit and
biochemical analysis undertaken at the Institute of Clinical Pathology and Medical
Research (ICPMR) at Westmead Hospital, Sydney, Australia. The blood was tested
for serum lipids, plasma glucose concentrations, creatinine, white blood cell (WBC)
count, platelet count, proteins, liver function tests and fibrinogen (Buyken et al.,
2010a). Tests for serum homocysteine, folate and vitamin B12 were only obtained at
the BMES2 follow up visit (Flood et al., 2006).
In this thesis data from BMES1 were analysed in chapters six and seven; data from
BMES Cross Section study were analysed in chapters four, seven and eight; and
survivor cohorts from BMES2 and BMES4 for chapter five.

3.3 Food Security Survey
The food security survey was included as part of the questionnaire in BMES2,
BMES2 Cross Section and BMES4. The number of participants who completed the
food security survey at each time point is shown in Figures 3.1 and 3.2.

3.3.1

Radimer/Cornell hunger and food insecurity measures

Food security was measured using a 12-item survey with questions that address
anxiety about accessing food and the quality and quantity of available food
(Appendix C). The first 10 statements were adapted for an elderly population by
Wolfe et al (1998) from the Radimer/Cornell hunger and food insecurity measures
(Radimer et al., 1990). The Radimer/Cornell hunger and food insecurity measure has
been regularly used and the USDA’s food security survey is based on this original
measure as discussed in section 2.2.6.1. It was developed by conducting in-depth
interviews with low income women providing 39 potential statements.
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These

statements were trialled on 189 low-income women and, after analysis, 12 items
were found to be correlated with the known risk factors for hunger and food
insecurity (Radimer et al., 1990). Further validation of the measures was conducted
by Kendall et al in a population with varied incomes (Kendall et al., 1995). In
addition, the survey was used to assess the relationship between food insecurity and
dietary intakes and found decreased consumption of fruits and vegetables with
increased food insecurity status (Kendall et al., 1996).

3.3.2

Adaptation of food security survey to BMES population

The questions included in the BMES food security survey were adapted for an older
adult population because the original tool was developed from information collected
from low income women with children in the house whose socio demographic
situation differs from older adults.
In an older US population, a 10 item adapted Radimer/Cornell questionnaire was
included in a telephone interview with 24 individuals aged between 60 and 89 years
and the results compared to their food security status derived from in-depth
interviews conducted six months earlier (Wolfe et al., 1998). They found both good
sensitivity and specificity with 75% of participants correctly classified as food secure
from both the in-depth interview and telephone questionnaire (Wolfe et al., 1998).
The last two statements in the BMES food security survey (K. and L. in Appendix
C), also based on Radimer’s research, were designed to measure household and
individual food insufficiency in the Queensland Regional Survey in 1993 (Radimer
et al., 1997).

The two items were validated by comparing them to factors

theoretically linked to food insufficiency. Both low income and poor fruit and
vegetable intake were strongly associated to food insufficiency (Radimer et al.,
1997).
The final BMES food security survey tool was a combination of the 10 adapted
questions from Wolfe et al (1998) and the two food insufficiency questions that were
adapted for an Australian population.

Further validation of the tool is required to
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ensure that issues of measurement error are addressed as concerns may exist about
the interpretation of the questions and accuracy of responses by the BMES
population. A validation study was not conducted for this thesis but efforts were
made to reduce measurement bias in the statistical analyses as described in detail in
Chapters four, five and eight.
Participants were coded as food secure if they answered ‘never true’ to all 12
questions and food insecure if they answered any one of the questions ‘sometimes
true’ or ‘always true’ as suggested by Radimer and colleagues (Radimer et al., 1990).

3.4 Total Diet Score – a measure of diet quality
The Total Diet Score (TDS) is a diet quality index developed to assess adherence to
the Dietary Guidelines of Australia (DGAA) (National Health and Medical Research
Council, 2003) in older adults.

The TDS scores were calculated from a food

frequency questionnaire (FFQ) completed by participants at baseline and each
follow-up assessment (see details in 3.4.1).
3.4.1

Food frequency questionnaire

The semi-quantitative food frequency questionnaire (FFQ) included 145 items and
was adapted for the Australian diet and vernacular from an earlier Willett FFQ
(Willett et al., 1988). The FFQ included estimates of portion sizes, frequency,
strength and brand of foods (Flood et al., 2008). Subjects used a nine-category
frequency scale, ranging from never to four times a day, to indicate usual
consumption of particular food items during the past year. The numbers of useable
FFQs at each BMES time point are given in Figure 3.1.

After data cleaning

participant FFQs were excluded from the analysis for the following reasons (Flood et
al., 2008):
1. Missing Values. On first review if more than 25 values were missing the FFQ
was excluded. If a participant’s FFQ had between 13 and 25 missing values,
the original paper version was checked for data entry errors and corrected
where possible. Following data checking, if more than 12 FFQ questions
were missing or an entire page was missing then these FFQs were also
excluded.
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2. Energy intakes were assessed and participants with <2500 kjoules or >18,000
kjoules were excluded.
3. The data were checked for plausibility by examining extreme nutrient values
in the upper or lower 2% of the distribution (Flood et al., 2008) and
implausible results were excluded after the data were reviewed by a
nutritionist.
Data cleaning was carried out at baseline and at each of the follow up assessments.
Using the above criteria, 367 FFQs were excluded at baseline, 131 FFQs at BMES2,
68 FFQs at BMES3 (Flood et al., 2010).
FFQ data were entered into a custom designed MS Access form to create a
spreadsheet of data. Dietary intakes were estimated from purpose built software
analysis system based on the Dbase software system and nutrient intakes analysed
using Australia’s National Food Composition Database (NUTTAB). This system
was used to calculate dietary intakes from FFQ data in BMES1, BMES2 (BMES2
Cross Section) and BMES3 (Flood et al., 2008). The nutrient databases have been
updated over the study period, therefore NUTTAB90 (Lewis and English, 1990) was
used for BMES1, NUTTAB95 for BMES2 and BMES3 (Flood et al., 2010, Lewis et
al., 1995).
Data analysis of the BMES4 FFQ was undertaken by the author utilising updated
technology. The first step in the process was to create a template of nutrients for
each FFQ item based on NUTTAB2010 (Food Standards Australia New Zealand,
2010). As the NUTTAB databases have been updated over the study time period, the
NUTTAB2010 food references were compared to food references in NUTTAB95
previously categorised for each FFQ item to determine applicable codes. Many new
food references have been added to NUTTAB2010 that were not available in
NUTTAB95, so any major differences between the two nutrient databases were
discussed with the primary supervisor and food references for FFQ items mutually
agreed upon. FFQ item responses were imported into Microsoft Excel, recoded to
frequencies and the dataset restructured according to a prescribed protocol (Louie J
& Russell J, unpublished 2012). The MS Excel worksheet was then imported into
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MS Access along with the NUTTAB2010 template and MS Access queries created
to convert the FFQ frequencies into food and nutrient values. The data were cleaned
according to the same criteria as previous FFQs, with 84 FFQs considered unusable.
Of these unusable FFQs, 39 records had more than 25 FFQ items missing and 25
records had between 12 and 25 items missing. Following nutrient analysis, seven
records had energy intakes of less than 2500kJs and 13 records greater than
18000kJs.
3.4.2

Validation of the food frequency questionnaire

The FFQ was validated by comparing nutrients from the FFQ to three, four day
weighed food records (WFRs) collected over one year to allow for seasonal
variations (n= 79).
In 1994, 186 BMES1 participants who had completed a FFQ during the first eye
examination were randomly selected and invited to take part in a validation study.
One hundred and fifty participants agreed to take part and reasons for not
participating included seven people who had died since the initial examination, two
people could not be contacted, ten people were too ill and 17 people did not want to
take part. At the first of the three data collection periods, 139 participants recorded
food intake, four months later 100 people completed food records and 90 participants
completed food records during the final data collection period (at eight months). In
total, 78 participants had a complete set of three, four day food records (Smith et al.,
1998b).
Nutrient intakes were calculated from the weighed food records initially using Diet
1.3 software and later calculated in Foodworks with new nutrients. When the FFQ
and WFRs were compared, most nutrient correlations were between 0.50 and 0.60
for energy adjusted intakes, similar to other validated FFQ studies (Smith et al.,
1998b, Flood et al., 2004).

Further validation was conducted by comparing

carbohydrate intake, calculated glycaemic index and glycaemic load scores from the
FFQs to the values obtained from the WFRs.

Using four different validation

methods, Barclay et al (2008) showed that the FFQ was able to rank participants
according to their total carbohydrate intake and glycaemic index. These validation
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studies have shown that the FFQ is a valid method for collecting dietary data in this
older adult population especially when used as a rank order for nutrients and foods.
3.4.3

Development of the Total Diet Score

The Total Diet Score is a modified version of the Australian Healthy Eating Index
which was designed to measure total diet quality in terms of food choice based on
recommendations of the DGAA and the Australian Guide to Healthy Eating (AGHE)
(Smith et al., 1998a, Australian Institute of Health and Welfare, 2007a). This index
had not been validated and the authors suggested further development was required;
therefore the TDS also included components of the US 2005 Dietary Guidelines
Adherence Index (DGAI) which were adapted to reflect the DGAA. The DGAI took
account of recent changes to the American dietary guidelines and had a focus on
overconsumption and energy density (Fogli-Cawley et al., 2006), issues also
applicable to the Australian population. The TDS is divided into 10 components
based on the DGAA (Figure 3.3) and each component has a possible score ranging
from 0 to 2.

A maximum score of 2 is given to individuals who meet the

recommendations with prorated scores for lower intakes. These component scores
are then summed to create a final score ranging between 0 and 20.
3.4.4

Components of the Total Diet Score

TDS scores are allocated for intake of selected food groups and nutrients for each
participant and account for both variety and quantity of intake. Description of the
individual components and scoring algorithm are provided in Figure 6.1 in chapter
six.
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Figure 3.3 Individual components of the Total Diet Score
The TDS was further subdivided into two categories, food intake and healthy choices
with scores apportioned to reflect intake characteristics from both categories. Food
intake components were based on adherence to AGHE recommendations for total
intakes of vegetables, fruit, cereals and breads, meat including lean meats, fish,
poultry and/or alternatives and dairy as well as low sodium, alcohol, sugar and extra
foods intakes.

Healthy choice components determined intakes of options with

greater dietary benefits including serves of whole grain cereals, lean red meat, ratio
of low or reduced fat milk to whole milk, low saturated fat intake and fish
consumption.

Cut

points

for

scores

were

determined

from

published

recommendations with some exceptions. The AGHE recommendations for two
serves per day of fruit were replaced with three serves per day and the serves of
vegetables consumed per day increased from five to seven serves to allow for selfreported FFQ overestimation as determined by the validity study (Smith et al.,
1998b). Questions on whether salt was added during cooking or by participants at
the table were not included in the FFQ. Thus sodium intake is based on the sodium
content of foods in the FFQ and may underestimate salt consumption in this cohort.
The alcohol cut-points reflect guidelines about alcohol consumption in Australia
(DGAA), in which it was recommended, when alcohol is consumed, men consume a
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maximum of two standard drinks per day (i.e. 20g alcohol) and women one standard
drink per day (i.e. 10g alcohol) (National Health and Medical Research Council,
2003). Since the 2003 dietary guidelines, the NHMRC has published new guidelines
suggesting both men and women drink no more than two standard drinks on any day.
These guidelines are based on reducing the health risks from drinking alcohol
(National Health and Medical Research Council, 2009), however, as all other
components of the TDS were based on the 2003 DGAA it was decided to keep the
alcohol cut-points in line with the dietary guidelines. With the launch of the new
dietary guidelines in 2013, it will be possible to review these decisions when
updating the TDS to reflect the new dietary guidelines.
The AGHE recommendation ‘preventing weight gain’ was also included as a
component of the TDS. Half the score related to the ratio of energy intake (EI),
given as kilojoules, to energy expenditure (EE). A score of one was allocated for
ratios between 0.76 and 1.24, defined as the 95% confidence levels of agreement
between EI and EE (Black, 2000). For each participant, energy expenditure was
calculated from basal metabolic rate and physical activity level. The Schofield
equation was used to assess basal metabolic rate (Ramirez-Zea, 2005) and the results
multiplied by the individual’s physical activity level. Physical activity levels were
self-reported by participants, answering questions from the Australian National Heart
Foundation Risk Factor Prevalence Surveys (Risk Factor Prevalence Study
Management Committee, 1990). Details of walking exercise and the performance of
moderate or vigorous activities were used to calculate metabolic equivalents (METs)
as described by Craig et al (2003).
The other half of the score for the preventing weight gain component was allocated
to the level of physical activity achieved. Physical activity scores were divided into
tertiles and subjects in the highest METs tertile scored one TDS point reducing to a
zero TDS point score for subjects in the lowest METs tertile. The tertiles were based
on cut points of low, moderate and high levels of activity according to the guidelines
of the International Physical Activity Questionnaire scoring protocol (IPAQ, 2005).
The tertile cut points were: Tertile 1: Low ≤600 METS; Tertile 2: Moderate >600 to
≤1500 METs, Tertile 3: High >1500 METS.
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Drinking adequate water and food safety categories from the AGHE were not
included in the analysis because data on these items were not collected in this study.

3.5 Conclusion
This chapter has provided a description of the study cohort and the two measurement
tools not previously used in an Australian cohort and the use of the tools is
investigated further in the following chapters.
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4 PREVALENCE AND RISK FACTORS OF FOOD INSECURITY
This chapter is based on the published manuscript: Russell J, Flood V, Yeatman H,
Mitchell P, Prevalence and risk factors of food insecurity among a cohort of older
Australians. Journal of Nutrition, Health & Aging. 2013 DOI: 10.1007/s12603-0130339-6. The manuscript has been adapted to match the recommended style for thesis
presentation (see Appendix F for the original article).
Contribution of the authors
The manuscript idea was conceived by Joanna Russell and analysis of data from the
BMES Cross Section study conducted under the supervision of Victoria Flood and
Heather Yeatman.

The manuscript was written by Joanna Russell with editing

provided by Victoria Flood and Heather Yeatman. Paul Mitchell designed and
implemented the overall cohort study. All authors reviewed and commented on the
final manuscript.

4.1 Introduction
Having highlighted the gaps in the literature and described the study cohort in the
previous two chapters, this chapter moves on to explore the first objective outlined in
chapter one by determining the prevalence of food insecurity in the Blue Mountains
Eye Study and examining the characteristics that may be associated with food
insecurity in this cohort. The chapter goes on to draw attention to the issue of food
insecurity underestimation in an Australian population.

4.2 Abstract
Objective: With ongoing national concern about food security, the aim of the study
was to estimate the prevalence of food insecurity and to identify associated
characteristics in a cohort of older Australians.
Design, setting and participants: The Blue Mountains Eye Study is a cohort study of
community living participants aged 49+ years. The 12-item food security survey was
completed by 3068 participants in the cross sectional study which comprised 2335
survivors from baseline and the recruitment of an additional 1174 eligible residents.
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Main outcome measures: Prevalence of self-reported food insecurity was calculated
and multivariate logistic regression provided odds ratios with 95% confidence
intervals to determine risk factors.
Results: Overall prevalence of food insecurity was 13%. Women (15.7%) compared
with men (9.4%) and younger participants, aged <70 years (15.7%) than older
participants, ≥70 years (8.4%), were significantly more likely to report being food
insecure. Characteristics for reporting food insecurity included participants living in
rented accommodation (OR 4.10, 95% CIs: 2.83, 5.89) and those living on a pension
only (OR 1.90, 95% CIs: 1.30, 2.78).
Conclusions: A relatively high level of food insecurity among this representative
population of older Australians should be an issue of concern for policy makers and
health and welfare service providers. Addressing food insecurity should be a priority
of integrated national food and nutrition policies and this should in turn inform health
and welfare service provision to this vulnerable population.

4.3 Background
Food insecurity, the lack of access and ability to acquire safe and nutritious foods,
has the potential to affect the health and well-being of individuals (Stuff et al., 2004,
Tarasuk, 2001, Lee and Frongillo, 2001b, Gorton et al., 2010). The nature of food
insecurity is complex and encompasses both the need for the availability of sufficient
food but also foods that provide enough nutrients to maximise health and wellbeing
for the whole population (Friel, 2010). There has been increased awareness about
food security at global and national levels particularly since the food crisis in 20072008 that resulted in a 51% increase in global food prices (Friel and Baker, 2009). A
coordinated approach to the sustainability, availability, accessibility and utilisation of
food is required nationally that also assesses food insecurity at the household and
individual level. Those who are at greater risk of food insecurity and the risk factors
affecting their ability to access safe and nutritious food require further investigation.
The older adult population is the fastest growing age group in Australia and, through
the ageing process, this group has a higher risk of developing chronic disease and
physical disabilities which may directly impact their ability to access food and be
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impacted by food insecurity.

In 2006, approximately 13% of the Australian

population was aged 65 and over and this proportion is expected to increase to 24%
by 2036 (Australian Institute of Health and Welfare, 2007b). With increased life
expectancy, there will be a greater increase in the number of adults aged 85 and over,
resulting in a greater number of people requiring services and assistance from
Government agencies (Australian Institute of Health and Welfare, 2010).
Previously reported risk factors associated with food insecurity in older Australian
adults included self-reported poorer health, living alone, not owning their own home,
gender and age; however measurement of food insecurity was limited to economic
access to food (Quine and Morrell, 2006, Temple, 2006). Although the majority of
older adults report excellent or good health, it has been found that more than half of
Australian adults, aged 65 years and over, suffer from at least one chronic disability
that limits every day activities (Australian Institute of Health and Welfare, 2007b).
These chronic disabilities may affect the possibility of physically going shopping for
food, carrying groceries home and the ability to prepare food. This, in turn, may
affect the food security status of this population, more so than limited financial
resources.
Food security in Australia is not currently monitored on a regular basis and, if
included in national surveys, is limited to a single item: “In the past 12 months were
there any times when you ran out of food and couldn’t afford to buy any more?”
Results from the 2004 National Health Survey single item reported a 5.1%
prevalence of food insecurity compared to 14.7% in the USA based on an 18 item
tool (last 8 questions asked if children are part of the household) (Temple, 2008,
Nord et al., 2010). Food security status is monitored annually in the USA and is able
to determine the severity as well as food insecurity status (Nord et al., 2010).
The single item measures the financial ability to buy food but does not address the
physical issues of accessing nutritionally adequate food or anxiety about acquiring
food which may be more important factors for older adults (Radermacher et al.,
2010, Wolfe et al., 1998). Including these characteristics provides greater knowledge
of the detrimental outcomes of being food insecure. It has been suggested that poor
53

diet may contribute negatively to the health status of older adults by increasing the
risk of developing chronic diseases and/or exacerbating existing conditions
(Frongillo and Horan, 2004). The aim of this study was to determine the prevalence
of food insecurity among an older Australian population using a comprehensive
measure as well as examine the characteristics associated with food insecurity from
demographic, lifestyle and health factors.

4.4 Methods
4.4.1

Study

The Blue Mountains Eye Study (BMES) is a population based cohort study of vision
and common eye diseases in residents west of Sydney aged 49 years and over. Full
details of the study design have previously been reported (Mitchell et al., 1995). Of
the identified 4433 eligible community living residents, 3654 (82.4%) (BMES1)
participated in baseline clinic visits (1992-1994). After five years, all participants
from BMES1 were invited to attend repeat visits during 1997-1999 and 2335
(75.1%) survivors were examined (BMES2a). In 1999 a repeat door-to-door census
in the same area was conducted and a further 1174 (85.2%) participants were
recruited from 1378 eligible residents who had moved into the study area (BMES2a).
BMES Cross Section is made up of a combination of BMES2a and BMES2a with a
total of 3509 participants examined. The study followed the recommendations of the
Declaration of Helsinki and was approved by the Sydney West Area Health Service
Human Research Ethics Committee. All participants provided written informed
consent.
4.4.2

Food security survey

The food security survey was included in the data collection for BMES Cross
Section.

It comprised 12 statements relating to individual and household food

situations and participants responded either ‘never true’, ‘sometimes true’ or ‘often
true’. Participants were coded as food secure if they answered ‘never true’ to all 12
statements and food insecure if they answered any one of the statements ‘sometimes
true’ or ‘often true’. The first 10 statements were adapted for an elderly population
by Wolfe et al (1998) from the Radimer/Cornell hunger and food insecurity measures
(Table 4.1) (Radimer et al., 1990). Wolfe et al (1998) reported good sensitivity when
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the results from the tool were compared to food security status assessed during indepth interviews of 24 participants aged between 60 and 89 years. The last two
statements (K. and L. in Table 4.1), also based on Radimer’s research, were designed
to measure household and individual food insufficiency in the Queensland Regional
Survey in 1993 (Radimer et al., 1997).

The last two items were validated by

comparing results to income and fruit and vegetable intake and both were strongly
associated (Radimer et al., 1997).
4.4.3
During

Analysis variables
the

clinic

visits,

participants

completed

interviewer–administered

questionnaires that asked about lifestyle, demographic factors and full medical
history in addition to the food security survey. Housing tenure was collapsed into
three types; participants who owned their house or apartment; participants who
rented their house or apartment; and other.

Similarly, living arrangement was

reduced to living with a spouse; living alone; or living with others. Income was not
measured directly but participants were asked about their source of income and
whether they received a government pension.
Other sociodemographic variables included age, gender, marital status and degree of
education attained. Body Mass Index (BMI) was calculated from height and weight
measurements (kg/m2) taken during clinic visits.

Participants self-reported any

history of acute myocardial infarction (AMI), stroke, arthritis, asthma and cancer if
previously diagnosed by their doctor, with self-rated health reported as excellent,
good, fair or poor. Hypertension was defined if participants recorded a systolic
blood pressure ≥160mmHg or diastolic blood pressure ≥100mmHg at the clinic visit
or were using antihypertensive medication. Walking disability was assessed by
examiners during clinic visits as any subject who had walking difficulties or used a
cane/crutches/walker or a wheel chair.
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Table 4.1 BMES 12-item food security survey
Question

Participants who responded
‘sometimes true’ or ‘often
true’’ %

A. I worry whether my food will run out before I get

7.5

money to buy more
B. I worry about whether the food that I can afford to

8.8

buy for my household will be enough
C. The food that I bought just didn’t last, and I didn’t

5.3

have money to get more
D. I ran out of the foods that I needed to put together

5.2

a meal and I didn’t have money to get more
E. We eat the same thing for several days in a row

7.3

because we only have a few different kinds of
food on hand and don’t have money to buy more
F. I am often hungry, but I don’t eat because I can’t

1.8

afford enough food
G. I eat less than I think I should be cause I don’t

2.8

have enough money for food
H. I can’t afford to eat properly

4.3

I. Sometimes people lose weight because they don’t

1.0

have enough to eat. In the past year, did you lose
weight because there wasn’t enough food?
J. In the past year, have you had hunger pangs but

1.4

couldn’t eat because you couldn’t afford food?
K. In the last 12 months, were there times that your

3.0

household ran out of food and there wasn’t money
to buy any more food?
L. In the last 12 months, has anyone in your
household eaten less than they should because
you couldn’t afford enough food?
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2.3

Questions A-J adapted from Radimer/Cornell Measures of Hunger and Food Security
(Wolfe et al., 1998). Questions K & L food insufficiency items (Radimer et al.,
1997).
4.4.4

Statistical analysis

All statistical analyses were performed using SAS (version 9.1; SAS Institute, Cary,
NC, USA). Descriptive statistics for group differences between food insecurity and a
range of sociodemographic and health variables were analysed using Chi-square
tests. Variables were included in the analyses if they were associated with, or known
potential risk factors for food insecurity as described in the literature.
Multiple logistic regression was used to develop models to predict food insecurity
status with odds ratios (OR) and 95% confidence intervals reported here.
Independent variables with a univariate p value of less than 0.25 were included in the
initial model. Backward stepwise regression was used to exclude variables that were
not statistically significant predictors of food insecurity in this population after
adjusting for other factors. Goodness-of-fit was assessed using the Hosmer and
Lemeshow test (Hosmer et al., 1997).

4.5 Results
The food security questionnaire was completed by 3068 (87.4%) BMES Cross
Section participants. A description and summary of responses to the individual
statements are shown in Table 4.1. A higher number of participants reported anxiety
about running out of food or being unable to afford enough food for the household
compared to other statements. In addition, 7.3% of participants reported a lack of
variety in their diet.
4.5.1

Prevalence of food insecurity

Overall, the prevalence of reporting any level of food insecurity was 13.0% from the
12-item tool. Statement K, ‘In the last 12 months, were there times that your
household ran out of food and there wasn’t money to buy any more food?’, is similar
to the single item used in previous Australian surveys and we found that 3% of
participants responded ‘sometimes’ or ‘often’ true to this statement.
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Table 4.2 gives the prevalence of food insecurity by sociodemographic and health
characteristics. A higher proportion of adults aged between 49 and 70 years (15.7%)
compared to those aged 70 plus years (8.4%) and more females (15.7%) than males
(9.4%) reported being food insecure (Table 4.2). People in rental accommodation
were four times more likely to report some level of food insecurity than home
owners (43.6% vs 10.8%). Participants were significantly more likely to report being
food insecure if they were obese (BMI ≥30) (p=0.0002), rated their health as poor or
fair (p<.0001), had two or more health conditions (p=0.05) or had a walking
disability (p=0.03). There was no difference in prevalence of food security between
those who had a history of hypertension, diabetes, myocardial infarction, stroke or
cancer compared to those with no history of these conditions (data not shown).
Table 4.2 Prevalence of food insecurity in an older adult cohort (n=3068)
Subgroup

Any level of food

Χ2, p-value

insecurity, % (n)
All

13.0 (398/3068)

Age
Less than 70yrs

15.7 (301/1916)

70+ years

8.4 (97/1152)

33.86 (df=1), <.0001

Gender
Male

9.4 (123/1313)

Female

15.7 (275/1755)

26.42 (df=1), <.0001

Smoking status
Non smoker

11.8 (319/2757)

Current smoker

25.6 (78/305)

47.72 (df=1), <.0001

Marital status
Currently married

9.2 (176/1921)

Never married

16.3 (40/246)

Divorced/separated

26.8 (104/388)

Widowed

14.9 (75/502)

94.85 (df=3), <.0001

Housing tenure
Owns home

10.8 (299/2774)

Rents home

43.6 (82/188)
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169.16 (df=2), <.0001

Other

16.4 (17104)

Living arrangement
Living with spouse

8.9 (167/1868)

Living alone

18.4 (145/788)

Living with others

20.9 (84/402)

69.93 (df=2), <.0001

Qualification
Post high school

11.6 (217/1878)

High school or less

14.8 (152/1027)

6.31 (df=1), 0.01

Pension
Pension and other income

9.1 (41/450)

Other income only

5.7 (32/562)

Unknown source

9.9 (59/594)

Pension only

19.7 (238/1207)

61.25 (df=1), <.0001

BMI
<20

10.8 (8/74)

≥20-<25

12.3 (101/819)

≥25-<30

10.9 (142/1306)

≥30

17.6 (128/726)

19.68 (df=3), 0.0002

Self-rated health
Excellent/good

11.4 (278/2441)

Fair/poor

19.5 (119/611)

28.25 (df=1), <.0001

Walking disability
No

12.6 (359/2846)

Yes

17.6 (39/222)

4.48 (df=1), 0.03

Arthritis
No

11.3 (203/1796)

Yes

15.4 (189/1231)

10.63 (df=1), 0.001

Asthma
No

12.3 (329/2677)

Yes

17.9 (65/364)

8.81 (df=1), 0.003

Number of health conditions
Less than 2

11.9 (196/1652)

2 or more

14.3 (202/1416)
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3.89 (df=1), 0.05

4.5.2

Factors for food insecurity

All the variables included in Table 4.2 were significantly related to food insecurity,
as the dependent variable, and included in the multivariate logistic regression initial
model. These variables included gender, age, smoking status, marital status, living
arrangement, home tenure, education, pension, BMI, walking disability, self-reported
health, the presence of two or more chronic conditions, self-reported arthritis and
asthma. Only risk factors that remained significant in the final model are shown in
Table 4.3, with the strongest predictors for reporting food insecurity as follows:
living in rented accommodation (OR 4.10, 95% CIs: 2.83, 5.89), age between 49 and
70 years (OR 2.43, 95% CIs: 1.80, 3.28), receipt of a pension only (OR 1.90, 95%
CIs: 1.30, 2.78) and being a current smoker (OR 2.22, 95% CIs: 1.59, 3.12). The
final model satisfied the Hosmer-Lemeshow goodness-of-fit test. When the data
were stratified by gender and age group (aged less than 70 years versus 70 plus
years), three common risk factors were found amongst the four groups: living in
rented accommodation, receipt of a pension and being a current smoker (data not
shown).

4.6 Discussion
The prevalence of any level of food insecurity (13%) in a cohort of older adults was
considerably higher than previous findings in older Australian populations which
ranged from 2.0% to 4.5% in similar age groups (Temple, 2006, Quine and Morrell,
2006, Radimer et al., 1997). The higher prevalence can be explained by the more
comprehensive measurement tool compared to the single item used by others. When
the single statement K (Table 4.1) from the study tool was compared to the single
item commonly used in previous studies, our results are similar. The prevalence of
food insecurity described here is lower than the 5% reported in the general Australian
population using a single item (Temple, 2006) but that is to be expected as the single
item only addresses the ability to afford food, affecting a higher proportion of
younger adults, whereas older adults may have different risk factors for food
insecurity such as physical limitations (Burns et al., 2010, Lee and Frongillo, 2001a,
Wolfe et al., 2003). Our results provide insight into the more complex nature of food
insecurity in terms of anxiety about acquiring food, and achieving a nutritious diet
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that is sufficient to meet the needs of an older person as opposed to just the ability to
afford food.
Table 4.3 Characteristics associated with food insecurity after multivariate logistic
regression modelling
Risk factor

Multivariate Odds Ratio
(95% confidence interval)

Age
Less than 70 years

2.43 (1.80, 3.28)

70 plus years

1.0

Gender
Female

1.67 (1.27, 2.19)

Male

1.0

Smoking status
Current smoker

2.22 (1.59, 3.12)

Non smoker

1.0

Marital Status
Currently Married

1.0

Never married

1.35 (0.89, 2.07)

Separated/divorced

1.91 (1.38, 2.64)

Widowed

1.41 (0.98, 2.01)

Housing tenure
Rent home

4.10 (2.83, 5.89)

Own home

1.0

Income source
Pension only

1.90 (1.30, 2.78)

Other source only

0.54 (0.32, 0.91)

Pension and other source

1.0

Self-reported health
Fair/Poor

1.59 (1.20, 2.10)

Excellent/Good

1.0
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Results from the 18 item US Household Food Security Survey Module (HFSSM) in
2009 reported a 14.7% prevalence of household food insecurity in the US population
(Nord et al., 2010), consistent with our results from the 12 item tool. In Australia,
using a similar tool to the HFSSM, Nolan et al (2006) found that over the previous
year, 21% of households reported some level of food insecurity in three
disadvantaged areas of Sydney. Again, in disadvantaged urban areas of Brisbane, the
reported prevalence of food insecurity was 25% (Ramsey et al., 2012). These results
were significantly higher than the level reported when answering the single item
question, suggesting that to date measurement of food insecurity in Australia has
been limited, and those particular subgroups are at greater risk. Higher levels of food
insecurity have been reported in disadvantaged areas as low income is a major risk
factor.

The Blue Mountains region, in contrast, has a relatively higher

socioeconomic status compared to both New South Wales and Australia as a whole
(Australian Bureau of Statistics, 2008a). Indeed, our population was found to be
representative of the region’s population at the time (Foran et al., 2002), yet 1 in 8
older adults in our study reported some level of food insecurity.
Burns et al (2010) found 3.8% of households in the least disadvantaged areas of
Melbourne reported food insecurity due to lack of financial resources.

This

prevalence is similar to the 3% found in our study from the single item ‘K’ (Table
4.1). There was a significantly higher prevalence of food insecurity in the middisadvantaged and most-disadvantaged areas in Melbourne, suggesting that a higher
prevalence may also exist in older adults in other areas of Australia (Burns et al.,
2010). However, the results cannot be directly compared as our study population
was aged 49 years and over, whereas the Melbourne population was aged 18 years
and older. Temple reported the prevalence of food insecurity decreased as amount of
income increased in Australian adults aged 55 years and over (Temple, 2006),
providing some evidence that our results may be an underestimation of the degree of
food insecurity in the general older Australian population
The strongest predictors for reporting food insecurity in this population were age,
living in rental accommodation, receipt of a pension only and being a current
smoker. These were also found when examining risk factors in men and women
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separately and also by younger older (49 years to <70 years) and older older (70
years plus) populations. Our findings are consistent with previous research from the
US, Canada and Australia (Gorton et al., 2010).
Similar to other studies of food insecurity in older adults we found that participants
aged 70 plus years were less likely to report being food insecure than younger
participants aged 49 years to 70 years (Quine and Morrell, 2006, Temple, 2006).
Possible explanations for these differences include a higher number owning their
home outright, the availability of concessions on reaching official retirement age or
possibly those at greater risk are no longer living independently in the community
(Temple, 2006). Even if older adults receive government concessions on energy
consumption, the food budget is discretionary and other household living expenses
are often paid for first, with remaining income allocated to food.

Such living

expenses include medical expenses in particular out of pocket expenses, heating
and/or cooling costs or cost of transport (Gorton et al., 2010, Jan and Leeder, 2012).
In addition, rising food prices need to be accommodated within the limited budget.
Ongoing good health is a priority for older adults not only in terms of preventing
disease but being able to live independently within the community. In our cohort,
self-reported poor or fair health was an independent risk factor for being food
insecure after multivariate adjustment. Previous studies have found that self-rated
poor or fair health is related to food insecurity as well as poor mental and physical
quality of life (Pheley et al., 2002, Stuff et al., 2004). Wolfe et al (1996) reported
health problems and physical disabilities affected experiences of food insecurity in
an elderly population. Physical limitations or chronic health conditions may limit
physical access to food in terms of lifting or being able to carry groceries home or no
longer being able to drive (Burns et al., 2010). However, as these data are cross
sectional, it is not possible to determine whether poor health is a risk factor or an
outcome of food insecurity.

Further longitudinal analysis would enable clearer

directional pathways to be determined.
The benefits of using a more comprehensive measurement tool are the ability to
assess anxiety about acquiring food, quantity and quality of food available in
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addition to food insecurity related to lack of financial resources. The use of a single
item assessing only the economic aspects has been described as more of an indicator
of food security (Booth and Smith, 2001), and does not adequately describe the
increasingly complex nature of food security within the population. Results from our
study and others (Nolan et al., 2006, Ramsey et al., 2012) suggest considerable
underestimation of food insecurity in Australia and further research into individual
and household food security is essential. With the ongoing debate about the issues of
global food availability and high food prices, the Government is proposing an
integrated national food policy calling for both adequate quality and quantity of the
food supply. To complement the supply side, monitoring the Australian population
to ensure all sub groups are able to achieve a safe and nutritious diet is required to
aid the development of appropriate interventions for optimal health and wellbeing.
This study has a number of strengths and limitations. Strengths of this study include
its high response rate from participants in a population-based cohort as well as
detailed data collection enabling the assessment of a wide range of potential risk
factors. The measurement tool has been adapted and validated for use in a number of
different populations enabling a number of comparisons to be made although not
within Australia (Kendall et al., 1995, Shoae et al., 2007). Limitations include the
statements used to measure food insecurity, although a more comprehensive
measure, are still predominantly focused on the economic ability to acquire food.
Other factors, for example, physical access to food stores or physical limitations for
preparing and cooking meals may influence food insecurity status in older adults
more than low income. The age of the data is a limitation, however, more recent
evidence on food security status indicate that prevalence rates in Australia have not
improved (Foley et al., 2009, Burns et al., 2010). A further limitation was lack of
income data collected in this study as it is known that low income is a major
predictor of food insecurity. Source of income was used as an indirect measure and
may be more relevant in an older adult population, as government pensions are the
main source of income for the majority of people aged over 65 before superannuation
and investments (Australian Institute of Health and Welfare, 2007b).
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In conclusion, the prevalence of food insecurity is likely to have been underestimated
in national surveys. Addressing the needs of sub groups of the older Australians who
are at greater risk of food insecurity, to ensure their ongoing health, will require a
coordinated approach both nationally and at a local level. The next step will be to
examine the effect of food insecurity on health over time.
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5 FOOD SECURITY CHANGES WITH 10 YEARS OF FOLLOW-UP
This chapter is based on a manuscript that has been prepared for publication
(proposed journal: Social Sciences & Medicine): Russell J, Flood V, Yeatman H,
Mitchell P. (2013) Food security changes with 10 years of follow-up.
Contribution of authors
The manuscript is an analysis of survivor data from BMES2 and BMES4 looking at
changes over time, conducted by Joanna Russell under the supervision of Victoria
Flood and Heather Yeatman. The manuscript was written by Joanna Russell with
editing provided by Victoria Flood and Heather Yeatman. Paul Mitchell designed
and implemented the overall cohort study.

5.1 Introduction
The previous chapter explored the prevalence of food insecurity at a single point in
time. This chapter continues to examine food insecurity but investigates differences
in status over time and the predictors for changes, of which no previous studies were
found that explored such changes. This chapter addresses objective two from chapter
one by examining the changes in food insecurity status after 10 years. As this is an
older cohort and the time period covered is 10 years, loss to follow up is examined to
see how attrition may influence the results.

5.2 Abstract
Objectives: Evidence relating to risk factors for change in food security status over
time is limited. The objectives of this study were to examine changes in food
insecurity status over 10 years and investigate differences between participants and
those lost to follow up.
Methods: Analysis of a population based cohort of adults aged 54 years and over at
two time points, 10 years apart. In 1997-99, 2334 participants were examined and in
2007-09 1149 were examined (55.4% of cohort survivors). Food insecurity was
assessed by a 12-item survey with 898 usable surveys from both time points.
Results: Significant changes in food insecurity status were found. Food insecurity at
baseline was 10.5% and 7.8% at follow-up; of those initially food secure, 4.8%
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reported food insecurity; with 3.0% remaining food insecure at both time points.
Participants who were divorced/separated (OR 12.42, 95% CIs 3.94, 39.22), obese
(OR 2.53, 95% CIs: 1.08, 5.96) and living on a pension only (OR 2.77, 95% CIs:
1.11, 6.93) had significantly greater odds of remaining food insecure. Of food
insecure men at baseline, 25.6% participated compared to 42.3% who had died and
32.1% refused or moved away.
Conclusions: Food insecurity remains an issue in older Australian adults over time.
More frequent monitoring of and appropriate measurement tools are required to
address the range of food insecurity factors affecting older adults, not just economic
limitations. Determining patterns of food security in early retirement years are
required to develop and implement appropriate solutions and management strategies
for disease free, independent, community living.

5.3 Background
Evidence to date on food insecurity status over time is limited, especially in older
adults. However, cross sectional findings have indicated relationships between food
insecurity and poor mental and physical health, smoking and lower socio-economic
status in older adults (Quine and Morrell, 2006, Temple, 2006, Lee and Frongillo,
2001b). Some longitudinal research has been reported but is focused on adolescents
and households with children from North America (Hernandez and Jacknowitz,
2009, Whitaker and Sarin, 2007, Hofferth, 2004). There is a need to investigate the
predictors and consequences of food insecurity over time in older adults so that
appropriate solutions can be developed.
Food insecurity can be described as having limited or uncertain access and/or
availability to nutritious and safe foods (Anderson, 1990). The complex nature of
food insecurity makes it difficult to examine the changes over time because the
phenomenon may occur as an isolated incident, recurring or persistent and depends
on social, health or environmental events. Wilde et al (2010) reported 6.3% of
individuals were food insecure over a one year period whilst 16.2% of individuals
experienced food insecurity at some point during a four year period.
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To date in Australia, food insecurity has been reported in some populations but
findings have been limited to only one question, the measurement of the economic
ability to acquire food (Quine and Morrell, 2006, Temple, 2006, Foley et al., 2009).
Using more comprehensive tools, for example the 18 item US Household Food
Security Survey (HFSSM), the prevalence of food insecurity was considerably higher
in more disadvantaged areas. In these populations food insecurity was associated
with having children in the household, the inability to save, poor health and
depression and living in rented accommodation (Nolan et al., 2006, Ramsey et al.,
2012).
Older adults are at increased risk of food insecurity if they have low income or other
factors associated with economic constraints, as well as less education, similar to
risks in younger populations. However, a number of specific factors may also limit
access to an adequate diet for optimal health, including functional limitations that
inhibit preparation and cooking of food, poorer health or social isolation (Lee et al.,
2010).

Indeed we have reported elsewhere that women, and older adults who

reported fair/poor self-rated health were significantly more likely to be food insecure
(Russell et al., 2014).
Access to government or non-government services may potentially reduce food
insecurity in this group. In a small US based study a significant reduction in food
insecurity at six and 12 months was reported in older adults after receiving home
delivered meals compared to those who did not receive home delivered meals. In
addition, dietary intake improved in the former group (Frongillo and Wolfe, 2010).
Evidence relating food insecurity to social, demographic and health factors in older
adults has been largely cross sectional in nature (Lee and Frongillo, 2001b, Quine
and Morrell, 2006, Temple, 2006, Brewer et al., 2010). Whilst longitudinal data may
provide information on potential causal pathways, issues with response bias due to
loss to follow up need to be considered.

A decrease in participation rates of

population based studies has been reported in recent years (Vinther-Larsen et al.,
2010). This is more common in older adult cohorts because of increased risks of
developing or living with chronic diseases and functional limitations associated with
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the ageing process. This raises the question of generalisability of the results, not
only to the original study cohort but also to the general population and how
information about longitudinal associations should be interpreted.
The aims of this study were twofold. The primary objective was to examine the
changes in food insecurity status over 10 years. The secondary objective was to
examine characteristic differences of participants and non-participants at 10 years to
determine whether response bias influenced the results.

5.4 Methods
5.4.1

Study design and participants

Analysis was completed on data taken from The Blue Mountains Eye Study (BMES).
BMES is a longitudinal study of eye diseases and other health outcomes in an older
Australian population situated west of Sydney, New South Wales, Australia. Full
details of the study design and methods have been published previously (Mitchell et
al., 1995). Baseline examinations were conducted for 3654 individuals aged 49 years
and over during 1992 to 1994 (BMES1). Survivors from baseline were invited to
attend a follow up clinic visit five years later (1997 to 1999) and 2334 (75.1% of
survivors) were re-examined (BMES2).

Of these survivors, 1952 (75.6%)

participants were examined at 10 years (BMES3, 2002 to 2004) and 1149 (55.4%)
examined at 15 years (BMES4, 2007 to 2009). The Western Sydney Area Health
Service and the University of Sydney Human Ethics Committees provided ethical
approval. Written, informed consent was provided by all participants at clinic visits
prior to examinations.
Reasons for non-participation in BMES4 were collected. Non-respondents were
characterised as those who had died (‘died’) and those who refused to participate or
had moved out of the area (‘refused/moved’). A further 81 participants were defined
as “too frail” and were individuals who had been admitted to nursing homes since the
previous examination. Due to the small size of the ‘too frail’ group, they were
included in the refused/moved category.
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5.4.2

Food security survey

Participants completed a 12-item food security survey as part of the data collection
during BMES2 and BMES4.

The survey was based on a version of the

Radimer/Cornell hunger and food insecurity measures previously adapted for an
elderly population (Wolfe et al., 1998). Details of the survey have been published in
a previous cross sectional study in this population (Russell et al., 2014). This survey
covered anxiety about acquiring food, quality of food available and quantity
consumed, as well as the ability to afford food. The prevalence of reporting any
level of food insecurity was found to be 13%, a considerably higher proportion of
older adults than had previously been reported in older Australian adults using a
single question (Quine and Morrell, 2006, Temple, 2006). Study participants were
considered food insecure if they answered any one of the 12 questions ‘sometimes
true’ or ‘often true’ and food secure if they answered all questions ‘never true’.
5.4.3

Assessment of covariates

Participants completed a comprehensive lifestyle and medical questionnaire
providing information on medical history, socio-demographic factors and health risk
behaviours. Socio-demographic variables included age, gender, smoking status and
level of education attained (up to high school or having a post high school
qualification). Home ownership was dichotomised to owning your house/flat and
renting your house/flat. The latter also included 62 other participants who reported
living in a hostel, boarding house, nursing home, with relatives or other. Living
alone was compared to those living with a spouse, relatives or friends.

Four

categories of marital status were assessed with the never married, divorced/separated
and widowed categories compared to married participants. Income was classified
dichotomously as source of income either from pension alone or pension and income
from other sources. BMI (kg/m2) was calculated from measured weight and height
and categorised as normal/overweight or obese (BMI <30 versus ≥30). The number
of health conditions was based on a participant’s response to the question “Has a
doctor advised you that you have any of the following conditions?”

Health

conditions included acute myocardial infarction (AMI), stroke, hypertension,
diabetes, angina, arthritis, asthma and cancer. A dichotomous variable of reporting
two or more health conditions compared to less than two was created. Participants
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were classified as having a walking disability based on an examiner’s observation of
walking difficulties, use of a walking aid or wheelchair use. Participants were asked
to self-rate their health with responses dichotomized to “excellent/good” or
“fair/poor”.
5.4.4

Statistical analysis

Descriptive characteristics of participants with data at both time points were
calculated at baseline and at follow up. Chi-squared statistics were used to test for
differences in categorical variables between participants, non-participants who had
died and non-participants who had refused/moved away. For continuous variables,
analysis of variance was performed.
Backward stepwise logistic regression models were created to examine potential
predictors for remaining food insecure over 10 years and changing from food secure
to food insecure at 10 years. Potential predictors included variables previously found
to be significantly associated with food insecurity in this cohort (Russell et al., 2014)
as well as covariates found to be significant following bivariate analysis.

All

analyses were carried out using SAS 9.2 (SAS Institute Inc., Cary, NS, USA).

5.5 Results
5.5.1

Prevalence of food insecurity

Only participants with food security data at BMES2 and BMES4 were included in
the analysis (n= 898). Table 5.1 provides the prevalence of food insecurity by sociodemographic and health factors at baseline and follow up. Overall the prevalence of
food insecurity had declined at 10 years (10.5% to 7.8% respectively) and across all
covariates. The significant differences at baseline in the proportion reporting food
insecurity between non-smokers and smokers, high school education and post high
school education and reporting a diagnosis of arthritis were not seen at the 10 year
follow up. Conversely, living alone, having a walking disability and self-reported
diagnosis of diabetes were significant at 10 years but not at baseline, when compared
to living with others, not having walking disabilities or no self-reported diagnosis of
diabetes, respectively.
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Table 5.1 Descriptive characteristics of BMES survivors at baseline and 10 years later
Subgroup

BMES2
Any level of
Χ2, p-value
food insecurity
% (n)
10.5 (94/898)

BMES4
Any level of
Χ2, p-value
food insecurity
% (n)
7.8 (70/898)

All
Age
Less than 70yrs
11.5 (73/634)
2.52, 0.11
9.7 (17/175)
1.38, 0.2408
70+ years
8.0 (21/264)
7.1 (51/719)
Gender
Male
4.5 (17/379)
25.04, <.0001
4.7 (18/379)
8.46, 0.003
Female
14.8 (77/519)
10.0 (52/519)
Smoking status
Non Smoker
9.6 (80/831)
8.75, 0.003
7.0 (58/830)
1.39, 0.2665a
Current Smoker
21.2 (14/66)
11.3 (6/53)
Marital status
27.1. <.0001
23.68, <.0001
3.8 (19/499)
7.6 (47/622)
Currently married
16.9 (11/65)
11.1 (7/63)
Never married
15.4 (12/78)
22.8 (21/92)
Divorced/separated
9.8 (23/236)
15.3 (18/118)
Widowed
Home ownership
Owns house/flat
9.3 (80/859)
29.40, <.0001
6.6 (52/786)
9.64, 0.002a
b
Rents house/flat/other
36.8 (14/38)
15.5 (15/97)
Qualifications
Post high school
8.4 (49/582)
7.13, 0.008
6.9 (40/582)
1.31, 0.25
Up to end of high school
14.3 (41/287)
9.1 (26/287)
Pension only
No
7.5 (42/564)
14.97, 0.0001
4.9 (28/571)
15.92,<.0001
Yes
15.7 (51/325)
12.3 (38/308)
BMI
<30
8.5 (53/621)
9.01, 0.003
4.8 (30/621)
16.86,<.0001
15.9 (33/208)
13.2 (27/37
≥30
Self-rated health
Excellent/Good
9.5 (72/760)
5.14, 0.02
6.8 (47/691)
2.80, 0.09
Fair/Poor
16.0 (21/131)
10.4 (20/192)
Walking disability
No
10.3 (89/862)
0.92, 0.37 a
6.3 (43/679)
4.51, 0.03
Yes
15.6 (5/32)
11.4 (16/140)
Arthritis
No
7.8 (41/528)
10.36, 0.001
5.9 (23/388)
2.78, 0.1
Yes
14.5 (53/366)
8.9 (44/493)
Number of health conditions
Less than 2
8.4 (43/511)
5.33, 0.02
6.3 (21/331)
1.14, 0.29
2 or more
13.2 (51/387)
8.3 (46/554)
Hypertension
No
9.0 (41/456)
2.26, 0.13
7.3 (28/386)
0.11, 0.74
Yes
12.1 (53/439)
7.9 (39/497)
Diabetes
No
10.1 (81/802)
1.14, 0.29
6.6 (51/770)
8.60, 0.006
Yes
13.8 (15/87)
13.9 (16/115)
a
Fisher’s Exact Test; b Other includes boarding house, hostel, nursing home, with relatives or
other.

72

5.5.2

Change over time

Of the participants who participated in BMES4, 84.7% reported being food secure at
both times points whilst 3.0% reported food insecurity at both times. The changes in
food security status occurred in both directions during this period. A smaller number
of participants (4.8%) reported being food insecure at 10 years but had reported
being food secure at baseline. This compared to 7.5% who reported being food
insecure at baseline but reported being food secure at 10 years, a significantly
different change when examined by McNemar’s Test (p=0.02).

Thus of those

participants who changed their food security status during the ten year period, a
greater number became more food secure, as compared to those who became food
insecure.
In bivariate analysis, remaining food insecure was significantly associated with being
female, a current smoker, not married, living in rented or other accommodation,
living on a pension only and classified as obese (Table 5.2). The results were
attenuated after adjusting for covariates, however, participants who had never
married or were divorced/separated had significantly greater odds of remaining food
insecure compared to married participants. The odds of being food insecure and
obese were two and half times greater than if normal/overweight, and about 2.7 times
greater if living on a pension only.
The odds of reporting food insecurity at 10 years if food secure at baseline were also
attenuated after adjusting for other potential predictors. Only participants who rented
their home and those who had never married or were divorced/separated were
significantly more likely to be food insecure compared to home owners and married
participants, respectively (Table 5.3).
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Table 5.2 Odds ratios reporting food insecurity compared to those who remained food secure (n= 694) after ten years

Characteristic at baseline
Gender
Male
Female

Food insecure at both time points (n=26)
vs food secure at both times (n=694)
Adjusted odds ratiosa
Food insecure (%)

Food insecure if previously food secure (n=39)
vs food secure at both times (n= 694)
Adjusted odds ratiosa
Food insecure (%)

1.2
5.2

1.0
3.05 (0.97, 9.66)

4.2
5.9

1.0
1.10 (0.53, 2.76)

Marital status
Married
Never married
Divorced/separated
Widowed

1.0
5.3
15.4
5.8

1.0
4.86 (1.06, 22.30)*
12.42 (3.94, 39.22)†
3.29 (0.92, 11.72)

3.3
10.5
10.3
7.8

1.0
3.02 (1.10, 8.27)*
2.70 (1.03, 7.08)*
1.88 (0.72, 4.91)

Housing tenure
Owns house/flat
Rents house/flat

2.7
22.2

1.0
2.81 (0.85, 9.27)

4.5
22.2

1.0
3.96 (1.31, 11.99)*

Income source
Pension and/or other
Pension only

1.6
6.6

1.0
2.77 (1.11, 6.93)*

3.9
7.4

1.0
1.59 (0.80, 3.16)

BMIb
<30
2.3
1.0
4.2
1.0
≥30
7.0
2.53 (1.08, 5.96)*
8.0
1.77 (0.88, 3.55)
a
Adjusted for all other characteristics listed; b BMI: Body Mass Index (kgs/m2); * = significant at p≤ 0.05; †= significant at p < 0.01
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5.5.3

Loss to follow up

Loss to follow up was divided into three categories: a. survivors who participated at
both time points; b. participants who had died at follow up and c. those who
refused/moved away from the area. The latter group also included the 81 participants
who were deemed to be 'too frail'.
Descriptive analysis of the differences between those who participated, died or
refused/moved at the 10 year follow up were completed to determine whether the loss to
follow up affected the results and these data were then stratified by food security status
(Table 5.5, supplementary). Of particular note was the significantly higher proportion
of food insecure males who died compared to the proportion who participated in
BMES4, as shown in Table 5.5 (42.3% vs 25.6% respectively). The opposite was found
for food secure males. A significantly higher proportion of food insecure non-smokers
participated at both time points whilst differences in response rates for smokers were
similar; the proportion was slightly lower for participants than those who died. Similar
results were found for food insecure participants who self-rated their health as fair or
poor, or were classified as having a walking disability. As was to be expected, a smaller
proportion of adults aged 70 years and over participated in the follow up but the
proportion of those participating, dying and refusing were similar irrespective of food
security status.
Two separate multivariate adjusted logistic regression models were created to determine
predictors for the odds of death compared to participation, and the odds of
refusal/moving compared to participation at 10 years (Tables 5.3 and 5.4). For the
whole cohort, participants with a walking disability were over four times more likely to
die than those without a walking disability. For self-rated health, participants were 2.35
times more likely to have died if they reported fair/poor self-rated health compared to
excellent/good health. A different set of predictors were found for not participating if
refused/moved, except for age and home ownership.

The increased odds of non-

participants who rented a home at baseline, compared to those who owned their home,
were similar for those who died or refused/moved (OR 2.25, 95% CIs: 1.30, 3.87 and
OR 2.14, 95% CIs: 1.36, 3.35 respectively).
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Table 5.3 Multivariate adjusted odds ratios predicting non participation due to death in
10 year follow up
Predictor at baseline

Died
OR (95% CIs)

Age group
<70 years
1.0
≥70 years
7.10 (5.33, 9.44) ‡
Gender
1.0
Female
1.95 (1.46, 2.60) ‡
Male
Qualifications
Post high school
1.0
Up to high school
1.41 (1.08, 1.84) †
Smoking status
1.0
Non smoker
2.13 (1.34, 3.40) ‡
Smoker
Marital status
1.0
Married
1.46 (0.88, 2.40)
Never married
1.27 (0.79, 2.03)
Separated/divorced
1.83 (1.28, 2.62)*
Widowed
Home ownership
1.0
Owns home/flat
2.25 (1.30, 3.87) †
Rents home/flat
Diabetes
No
1.0
Yes
1.58 (1.07, 2.33)*
AMI
No
1.0
Yes
2.41 (1.58, 3.77) ‡
Walking disability
1.0
No
4.12 (2.52, 6.75) ‡
Yes
Self-rated health
1.0
Excellent/good
2.35 (1.73, 3.19) ‡
Fair/poor
* = significant at p≤ 0.05; †= significant at p< 0.01 ‡ = significant at p< 0.001
Participation versus died model included age, gender, qualifications, smoking status,
marital status, home ownership, diabetes, AMI, walking disability and self-rated health
covariates. Covariates included in the separate models only if they were significant
after stepwise regression.
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Table 5.4 Multivariate adjusted odds ratios predicting non participation in the 10 year
follow up due to refusal, moving out of the area or being too frail
Predictor at baseline

Refused/Moved/Too frail
OR (95% CIs)

Age group
<70 years
≥70 years

1.0
1.87 (1.49, 2.35) ‡

Home ownership
Owns home/flat
Rents home/flat

1.0
2.14 (1.36, 3.35) ‡

Income source
Other sources
Pension only

1.0
1.36 (1.04, 1.64)*

Arthritis
No
Yes

1.0
1.29 (1.03, 1.62)*

Cancer
No
Yes

1.0
1.47 (1.02, 2.12)*

* = significant at p≤ 0.05; ‡ = significant at p< 0.001
Participation versus refused/moved/tool frail model included age, home ownership,
income source, arthritis and cancer covariates. Covariates included in the separate
models only if they were significant after stepwise regression.

5.6 Discussion
Food insecurity continues to be an issue in older adults over time. This study provides
some of the first evidence of sub populations who are more likely to remain or become
food insecure in later life. We found a number of potential predictors existed for older
adults remaining food insecure over time, however after adjusting for these predictors
only marital status, home ownership, income source and BMI were significant
predictors. Fewer predictors were found for reporting food insecurity if previously food
secure.
Our findings indicated that older people who were obese were more likely to remain
food insecure. This finding adds to the debate about under or over nutrition and food
insecurity (Quandt and Rao, 1999, Gorton et al., 2010, Brewer et al., 2010, Kim and
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Frongillo, 2007, Franklin et al., 2012, Schlussel et al., 2013). Much of the previous
research is based on cross sectional studies and we found no longitudinal studies that
examined food insecurity and obesity in older adults. However, we agree with previous
suggestions that having limited income increases the purchase of energy dense nutrient
poor foods leading to excess energy intake and weight gain (Monsivais et al., 2012, Lee
et al., 2011a).
In this cohort the prevalence of food insecurity in older adults was considerably higher
at both time points than has been reported in older Australians using the single question
“In the last 12 months, were there any times ran out of food and couldn’t afford by buy
more?” (Quine and Morrell, 2006, Temple, 2006). Nolan et al (2006) also reported
significantly higher prevalence using a more comprehensive questionnaire with
questions concerning the worry about affording food, lack of variety in the diet and not
having enough to eat compared to the single item. These statements addressed some of
the other non-economic factors mentioned above for older adults reporting food
insecurity. The evidence indicates an underestimation of food insecurity in Australia
which prevents prioritising public health action to reduce food insecurity. There is a
need for improved measurement tools that examine all aspects of access to safe and
nutritious foods.
Living on a pension only was another predictor of remaining food insecure over time.
After retirement adults live on about two thirds of the income received than when in the
workforce (Yen et al., 2011). Juggling household expenses, medical bills and the food
budget might result in allocating fewer funds to food in order to pay other essential
bills.

This may be exacerbated by the presence of one or more chronic health

conditions. Older adults are at greater risk of developing chronic diseases as part of the
ageing process, as well as having detrimental lifestyle behaviours. Of all Australian
adults aged over 65, 78% reported living with at least one chronic condition (Australian
Institute of Health and Welfare, 2012). Evidence suggests out of pocket expenses exist
for services such as medical consultations, prescription drugs, home care, transport and
allied health even though Australia has a universal healthcare system. McRae et al
(2013) reported that the cost of out of pocket expenses increased with increasing
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number of chronic conditions. It could be that those living on a pension only have to
decide whether they buy nutritious, healthy food or pay for healthcare.
We did not find any relationships between food insecurity and living with a chronic
disease. This may be because adults who participated at both time points had fewer
chronic health conditions. The odds of not participating at the second time point due to
death were significantly increased for participants who self-reported a diagnosis of
diabetes, AMI or fair/poor health at baseline, which may explain the lack of significant
findings after adjustment for other factors.
A greater proportion of older adults aged 70 years and over had died at the 10 year
follow up. Although this was to be expected, the number of adults aged 65 and over is
expected to increase to between 23% and 25% of the Australian population by 2056,
with the greatest growth expected in people aged 85 years and over (Australian Bureau
of Statistics, 2008b). Assessing food insecurity should be conducted at an earlier age,
possibly in the years prior to retirement and/or in the early years of retirement to ensure
that those at higher risk have access to the appropriate services to help them remain
disease free and living independently in the community.
It has been suggested that food insecurity could be a direct and sensitive measure of the
need for food and nutrition assistance in older adults (Lee et al., 2010). This idea was
supported by a small intervention study (n=69) that found food security status improved
in older adults who received home delivered meals compared to those who did not
receive home delivered meals over six and twelve months; the authors also reported
improved nutrient intakes (Frongillo and Wolfe, 2010). It would have been useful to
assess those who received home based services within this cohort, however, very few
participants reported receiving services and it was not possible to determine any
meaningful associations between home help and food insecurity status.
A number of reasons could explain the attenuated findings after adjustment including
the wide time interval between the two time points; the high loss to follow up resulting
in a healthier ‘survivor cohort’ or the small number of participants who were food
insecure.
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The attrition rates in this study were a limitation as they affected the results through
reduced sample size and statistical power. Attrition is a greater problem in older
populations because they are affected by higher rates of mortality and morbidity
(Gardette et al., 2007), and associated movement out of the area could be due to the
need to find different accommodation to meet their needs. For our study the attrition
rate was 52.5% over the 10 year period suggesting a ‘healthy survivor’ cohort bias.
Many of the changes that may have occurred to those who died have not been captured
because they occurred between study follow ups (Deeg, 2002). As the attrition rate was
high in the final data collection phase, socio-demographic and health characteristics
were examined to determine differences between participants and non-participants in
BMES4.
A further limitation was the collection of food security data as the survey was only
administered at two time points ten years apart. Food insecurity is a dynamic state that
is dependent on changing circumstances. Only one previous longitudinal study was
found that examined change in food insecurity status in older adults. Sattler and Lee
(2013) reported persistently food insecure older adults were more likely to be aged
between 60 and 85 years, have low income and report poorer health compared to
persistently food secure individuals. The persistent food insecure group were also
significantly more likely to report cost related medication non adherence (Sattler and
Lee, 2013). Comparing the latter’s results with our study was not realistic as they
measured change in food security status over an eight month period. As this was one of
the first studies to find on-going food insecurity over a longer period, it highlights the
need for further longitudinal research.

5.7 Conclusion
This study reported high levels of food insecurity in older people and found a range of
factors affected food security status in older adults. Such factors cannot be assessed
through a single question survey that only focusses on economic access. The findings
highlight the need for regular monitoring of food security status, especially in sub
populations of older adults who are at greater risk of remaining food insecure into old
age. The longitudinal nature of this study is unique in Australia and contributes new
evidence for public health practitioners to use in highlighting food insecurity as a public
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health priority. Determining patterns in food security status are essential in order to
develop and implement appropriate solutions or management strategies.
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Supplementary Table
Table 5.5 Attrition rate by baseline socio-demographic factors at BMES2 of food secure and food insecure participants in the Blue Mountains Eye
Study
Food secure
Food insecure
Participated
Died
Refused
Participated
Died
Refused
Gender
Female
47.7 (491/1030)
25.7 (265/1930)
26.6 (274/103)
50.9 (88/173)
19.7 (34/173)
29.5 (51/173)
Male
48.6 (393/809)
33.0 (267/809)
18.4 (149/809)†
25.6 (20/78)
42.3 (33/78)
32.1 (25/78) †
Age group
32.5 (55/169) †
17.8 (30/169)
49.7 (84/169)
22.8 (207/910) †
11.2 (102/910)
66.0 (601/910)
<70 years
25.6 (21/82
45.1 (37/82)
29.3 (24/82)
23.3 (216/929)
46.3 (430/929)
30.5 (283/929)
≥70 years
Qualifications
29.7 (33/118)
31.4 (37/118)
39.0 (46/118)
23.6 (156/661)
33.9 (224/661)
45.5 (281/661)
High school
27.6 (32/116)
24.1 (28/116)
48.3 (56/116)
21.9 (243/1110)
26.1 (290/1110)
52.0 (577/1110)
Post high school
Smoking status
25.5 (12/47)
38.3 (18/47)
36.2 (17/47)
20.5 (27/132)
36.4 (48/132)
43.2 (57/132)
Smoker
31.0 (63/203)*
24.1 (49/203)
44.8 (91/203)
23.3 (396/1703)
28.2 (481/1703)
48.5 (826/1703)
Non smoker
Home ownership
28.6 (58/203)
25.6 (52/203)
45.8 (93/203)
22.7 (393/1728)‡
27.7 (479/1728)
49.5 (856/1728)
Owns house/flat
37.5 (18/48)
31.3 (15/48)
31.3 (15/48)
27.5 (30/109)
47.8 (52/109)
24.8 (27/109)
Rents house/flat
Marital status
27.8 (32/115)
26.1 (30/115)
46.1 (53/115)
23.2 (274/1183)
24.1 (285/1183)
52.8 (624/1183)
Married
39.1 (9/23)
26.1 (6/23)
34.8 (8/23)
19.7 (27/137)
32.1 (44/137)
48.2 (66/137)
Never Married
34.6 (19/55)
23.6 (13/55)
41.8 (23/55)
27.5 (46/167)
24.6 (41/167)
47.9 (80/167)
Divorced/separated
26.8 (15/56)
32.1 (18/56)
41.1 (23/56)
21.8 (76/348)
46.3 (161/348)
31.9 (111/348)
Widowed
Income source
Pension only
40.5 (311/768)
35.6 (273/768)
24.0 (184/768)
36.4 (60/165)
29.7 (49/165)
33.9 (56/165)*
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Other sources
53.3 (565/1060)
24.3 (258/1060)
22.4 (237/1060)
55.3 (47/85)
21.2 (18/85)
BMI
26.8 (42/157)
38.9 (61/157)
23.3 (315/1350)
30.1 (406/1350)
46.6 (629/1350)
<30
22.7 (17/75)
50.7 (38/75)
23.8 (88/370)
24.6 (91/370)
51.6 (191/370)
≥30
Self-rated health
21.9 (39/178)
46.1 (82/178)
23.9 (347/1453)
24.1 (350/1453)
52.0 (756/1453)
Excellent/good
38.9 (28/72)
34.7 (25/72)
20.0 (75/376)
47.9 (180/376)
32.2 (121/376)
Fair/poor
2 or more disabilities
Yes
40.0 (370/924)
35.9 (332/924)
24.0 (222/924)
40.6 (58/143)
28.0 (40/143)
No
56.2 (514/915)
21.9 (200/915)
22.0 (178/915)
46.3 (50/108)
25.0 (27/108)
Diabetes
29.0 (9/31)
41.9 (13/31)
19.0 (39/205)
40.5 (83/205)
40.5 (83/205)
Yes
25.7 (53/206)
45.6 (94/206)
22.9 (354/1544)
25.7 (397/1544)
51.4 (793/1544)
No
AMI
38.5 (10/26)
30.8 (8/26)
16.5 (27/164)
52.4 (86/164)
31.1 (51/164)
Yes
25.3 (57/253)
44.4 (100/225)
23.6 (394/1668)
26.5 (442/1668)
49.9 (832/1668)
No
Arthritis
23.5 (31/132)
47.0 (62/132)
25.9 (206/795)
31.1 (247/795)
43.0 (342/795)
Yes
30.2 (35/116)
39.7 (46/116)
20.6 (211/1025)
27.1 (278/1025)
52.3 (536/1025)
No
Cancer
45.5 (10/22)
36.4 (8/22)
26.2 (55/210)
38.6 (81/210)
35.2 (74/210)
Yes
25.0 (57/228)
43.9 (100/228)
22.5 (364/1620)
27.6 (447/1620)
49.9 (809/1620)
No
Walking disability
Yes
17.1 (27/158)
69.0 (109/158)
13.9 (22/158)
22.6 (7/31)
51.6 (16/31)
No
51.0 (853/1673)
25.1 (420/1673)
23.9 (400/1673)
45.9 (101/220)
23.2 (51/220)
Significant differences between those who participated, died and refused/moved away stratified by food security status.
*<0.05; †<0.001; ‡<.0001.
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23.5 (20/85)
34.4 (54/157)*
26.7 (20/75)
32.0 (57/178)
26.4 (19/72)
31.5 (45/143)
28.7 (31/108)
29.0 (9/31)
28.6 (59/206)
30.8 (8/26)
30.2 (68/225)
29.6 (39/132)
30.2 (35/116)*
18.2 (3/22)
31.1 (71/228)*
25.8 (8/31)
30.9 (68/220)

6 DIET QUALITY AND 15-YEAR RISK OF ALL-CAUSE MORTALITY
This chapter is based on the published manuscript: Russell J, Flood V, Rochtchina
E, Gopinath B, Allman-Farinelli M, Bauman A, Mitchell P. Adherence to dietary
guidelines and 15-year risk of all-cause mortality. British Journal of Nutrition
2013;109;547-555. The manuscript has been adapted to match the recommended
style for thesis presentation (see Appendix F for the original article).

Contribution of authors
This manuscript undertakes an assessment of diet quality and survival analysis data
from BMES1. Refinement of the diet quality index and analysis were conducted by
Joanna Russell with assistance of Elena Rochtchina (statistician) and Victoria Flood.
The manuscript was written by Joanna Russell with editing provided by Victoria
Flood and Bamini Gopinath. Paul Mitchell designed and implemented the overall
cohort study, Margaret Allman-Farinelli, Adrian Bauman and Victoria Flood
provided input into the original development of the Total Diet Score. All authors
reviewed and provided comments on the final manuscript before submission.

6.1 Introduction
From the literature review there is evidence that food insecurity plays a role in
reduced intake of appropriate nutrients for a healthy diet. As seen in the previous
two chapters, food insecurity is an important issue in the BMES cohort therefore an
assessment of participants’ diet quality was undertaken. In order to determine the
level of diet quality in this cohort, it was necessary to develop an appropriate diet
quality index, as described in chapter three. This chapter examines the extent to
which participants in the BMES adhered to recommended dietary guidelines and the
effect of diet quality on the risk of mortality (objectives three and four). No previous
studies were found that examined the relationship between diet quality and risk of
mortality in older Australians.

6.2 Abstract
Past investigation of diet in relation to disease or mortality has tended to focus on
individual nutrients. However, there has been a recent shift to now focus on overall
patterns of food intake. This study aims to investigate the relationship between diet
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quality reflecting adherence to dietary guidelines and mortality in a sample of older
Australians and to report on the relationship between core food groups and diet
quality. This was a population-based cohort study of persons aged 49 years or older
at baseline, living in two postcode areas west of Sydney, Australia. Baseline dietary
data were collected during 1992-4, from 2897 people using a 145-item Willettderived food frequency questionnaire (FFQ). A modified version of the Healthy
Eating Index for Australians was developed to determine diet quality scores. The
Australian National Death Index provided 15-year mortality data using multiple data
linkage steps. Hazard risk (HR) ratios and 95% confidence intervals (CIs) for
mortality were assessed for diet quality. Subjects in quintile 5 (highest) of Total Diet
Score (TDS) had a 21% reduced risk of all-cause mortality (HR 0.79, 95% CI, 0.63,
0.98, ptrend = 0.04) compared to those in quintile 1 (lowest) after multivariate
adjustment. This study provides longitudinal support for a reduced risk of all-cause
mortality in an older population who have greater compliance with published dietary
guidelines.

6.3 Background
In the past, research has focused on examining the relationship of individual nutrients
to total and cause-specific mortality. There is a need, however, to examine total diet
as nutrients are not consumed independently but together within a variety of foods in
the diet. In recent years, research into the relationship between overall diet quality
and the risk of mortality or of developing chronic disease has expanded (Osler and
Schroll, 1997, Kant et al., 2000, Michels and Wolk, 2002, Knoops et al., 2006,
Harriss et al., 2007, Kaluza et al., 2009). There have been two frequent approaches
used to measure diet quality, one that uses statistical methods such as cluster
analysis, factor analysis or principal component analysis to derive dietary patterns
from collected data giving an indication of eating behaviours (Harriss et al., 2007,
Heidemann et al., 2008, Brunner et al., 2008, Bamia et al., 2007, Waijers et al.,
2006). The alternative approach groups foods ‘a priori’ that are representative of
current nutrition knowledge in the form of dietary guidelines or other dietary
recommendations (Newby and Tucker, 2004, Waijers et al., 2007). This may be a
more useful tool in public health practice to assess a population’s adherence to
current dietary guidelines based on empirical evidence.
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Based on the latter approach, a number of diet quality indices have already been
developed based on dietary guidelines including the Diet Quality Index (Haines et
al., 1999), Healthy Eating Index (Kennedy et al., 1995), and Dietary Guidelines
Index (Harnack et al., 2002). In Australia, one study has shown overall improvement
in diet quality over time and cross sectional findings reported higher diet quality
scores were inversely associated with prevalent diabetes in men and prediabetes in
women (McNaughton et al., 2009). However, no studies were found that assessed
the effect of diet quality, in terms of adhering to dietary guidelines, on mortality or
morbidity over time. Nor are there any known studies addressing diet quality in an
older adult population.
To investigate the longitudinal effect of dietary guideline adherence and all-cause
mortality in a cohort of older Australians we developed a tool modelled on both
Australian and US diet quality indices (Australian Institute of Health and Welfare,
2007a, Fogli-Cawley et al., 2006).

The objectives of this study were first, to

investigate diet quality, defined as adherence to the Dietary Guidelines for Australian
Adults (DGAA) at baseline and report its relationship to core food groups among
older adults living in the Blue Mountains region of Australia. The second objective
was to identify the relationship between diet quality and mortality risk after 15 years
follow-up of this cohort.

6.4 Methods
6.4.1

Study design

The data used for this analysis were collected as part of the Blue Mountains Eye
Study (BMES). Full details of the study design have been reported previously
(Smith et al., 1998b, Mitchell et al., 1995). Briefly, the BMES is a population-based
cohort study of vision and common eye diseases in residents aged 49 years or older
living in a two-postcode region, west of Sydney, Australia. Baseline data were
collected from 1992-1994 (BMES1) with follow-up conducted at 5-year intervals
(1997-1999, 2002-2004, 2007-2009). BMES1 baseline examinations included 3654
subjects aged 49-97 years.

Mortality data were obtained from the Australian

National Death Index by matching with BMES1 subjects up until December 2007.
The study followed the recommendations of the Declaration of Helsinki and was
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approved by the University of Sydney and Sydney West Area Health Service Human
Research Ethics Committees. All subjects provided written informed consent.
6.4.2

Dietary assessment

The semi-quantitative food frequency questionnaire (FFQ) included 145 items and
was adapted for the Australian diet from a Willett FFQ (Smith et al., 1998b).
Subjects used a nine-category frequency scale, ranging from never to four times a
day, to indicate usual consumption of particular food items during the past year. The
FFQ was attempted and returned by 3267 participants (82.4% response), of these
FFQs, 2897 were available for analysis (79.3% of subjects examined). Participants
were excluded if their FFQs had more than 12 FFQ items missing; had energy
intakes <2500kJ or >18000kJ or had implausible records in the upper or lower 2% of
the distribution after the nutrient data had been re-examined.
The FFQ was validated by comparing nutrients from the FFQ to three, four day
weighed food records collected over one year (n=79). Most nutrient correlations
were between 0.50 and 0.60 for energy-adjusted intakes, similar to other validated
FFQ studies (Smith et al., 1998b, Flood et al., 2004). Australian Tables of Food
Composition were used to estimate nutrient intakes and data were entered and
analysed using NUTTAB90 and a purpose built software analysis system (Flood et
al., 2004).
6.4.3

Total Diet Score development

A modified version of the Australian diet quality index (Australian Institute of
Health and Welfare, 2007a), based on the DGAA (National Health and Medical
Research Council, 2003) and the Australian Guide to Healthy Eating (AGHE) (Smith
et al., 1998a), was used to establish the Total Diet Score (TDS) assessing adherence
to the Australian dietary guidelines.

Our version closely follows the US 2005

Dietary Guidelines Adherence Index (DGAI) which takes account of changes to the
2005 American dietary guidelines that has a focus on overconsumption and energy
density (Fogli-Cawley et al., 2006), issues also applicable to the Australian
population.

TDS scores were allocated for intake of selected food groups and

nutrients for each participant as described in the DGAA (details of the FFQ food
groupings are available in Appendix D). The TDS is divided into ten components,
87

and each component has a possible score ranging from 0 to 2 (Figure 6.1). A
maximum score of 2 was given to subjects who met the recommendations with
prorated scores for lower intakes. These were then summed providing a final score
ranging between 0 and 20 with higher scores indicating closer adherence to the
dietary guidelines.
Dietary Guideline /
component
1. Eat plenty of
vegetables,
legumes and fruit

Score

Component subscore

Total vegetable
serves/day *

Vegetable variety
score/day

Total fruit
serves/day**
2. Eat plenty of
cereals, preferably
wholegrain/meal

Total cereals
serves/day
Women

Men

Wholegrain cereal
serves/day
Women

Men
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Total
score

7 serves
5.6 serves
4.2 serves
2.8 serves
1.4 serve
>1 serve green
>1 serve orange
>1 serve of cruciferous
>1 serve of tuber or bulb
>0.5 serves of legumes

0.5
0.4
0.3
0.2
0.1
0.1
0.1
0.1
0.1
0.1

3 serves
2 serves

1
0.5

4 serves
3 serves
2 serves
1 serve

1
0.75
0.5
0.25

6 serves
5 serves
4 serves
3 serves
2 serves
1 serve

1
0.83
0.66
0.5
0.33
0.166

4 serves
3 serves
2 serves
1 serve

1
0.75
0.5
0.25

6 serves
5 serves
4 serves
3 serves

1
0.83
0.66
0.5

2

Dietary Guideline /
component

3. Include lean
meats, fish,
poultry and/or
alternatives
4. Include milk,
yoghurts, cheese
and/or alternatives

Score

Component subscore
2 serves
1 serve

0.33
0.166

Meat/alternative/day

>1 serve

1.5

Lean red meat/week
(ie. > 0.428
serves/day)

>3 serves

0.5

2

1.5
1.0
1.0
0.5
0
0.5
0.25
0

2

Total dairy
serves/day

Ratio of skim/low fat
(S/LF) milk intake to
whole milk intake
5. Limit saturated fat
and moderate total
fat intake

Percentage of energy
from saturated fat
Fish serves/week

6. Choose foods low
in salt

7. Limit alcohol
intake if you
choose to drink

Total
score

Sodium intake/day

Alcohol intake/day
Women

Men

>2-3 serves
>3-4 serves
1-<2 serve
>4 serves
0-<1 serves
S/LF>whole milk
S/LF=whole milk
whole milk>S/LF
<10% energy
10-12% energy
>12% energy

1
0.5
0

>2 serves
1-<2 serves
<1 serve

1
0.5
0

<40mmol (920mg)
>40-<100mmol
(920-2300mg)
>100mmol (2300mg)

1
0

≥0g – <10g
≥10g - <20 g
≥20g

2
1
0

≥0g - <20g
≥20g

2
0

<15% total energy
>15-<20% total energy
>20% energy

2
1
0

8. Consume only
moderate amounts
of sugars and
foods with added
sugars

Percentage of energy
from sugar

9. Extra foods, not
essential to

Extra food serves/day
<2.5 serves
Women
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2

2

2

2

2

2

2

Dietary Guideline /
component
provide nutrients
and may be high
in salt, fat or sugar

Score

Component subscore
2.5-<4 serves
>4 serves

1
0

<3 serves/day
>3-<5 serves
>5 serves

2
1
0

Ratio of energy
intake to energy
expenditure

0.76–1. 24
<0.76 or >1.24

1
0

Physical activity
(METs)

Lowest tertile
Middle tertile
Highest tertile

Men

10. Prevent weight
gain: be physically
active and eat
according to
energy needs

Total
score

Drink plenty of water

Not scored

Care for food

Not scored

2

0
0.5
1 2

Total score

20

Figure 6.1 Scoring system for the Total Diet Score (TDS) based on Australian
Dietary Guidelines and the Australian Guide to Healthy Eating.
*Vegetables: 7 serves, as indicated by weighed food records (FFQ over-estimates)
(replacing 5 serves). **Fruit: 3 serves, as indicated by weighed food records (FFQ
over-estimates) (replacing 2 serves).

S/LF. Skimmed/low fat; MET. Metabolic

equivalent
The TDS scores account for both food intake and optimal choice with scores
allocated to reflect intake characteristics from both sources. Food intake scores were
based on total intakes of vegetables, fruit, cereals and breads, meat, fish, poultry
and/or alternatives and dairy as well as sodium, alcohol, sugar and extra foods
intakes. Optimal choices scores determined intakes of foods with greater dietary
benefits including serves of whole grain cereals, lean red meat, low or reduced fat
milk versus whole milk, low saturated fat intake and fish consumption. Cut points
for scores were determined from recommended number of serves given in the AGHE
with some exceptions (Smith et al., 1998a). We replaced the AGHE’s recommended
2 serves per day of fruit with 3 serves per day and the number of vegetables
consumed per day from five serves to seven serves to allow for self-reported FFQ
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overestimation as determined by the validity study (Smith et al., 1998b). The alcohol
cut-points reflect guidelines about alcohol consumption in Australia (DGAA), in
which it is recommended, when alcohol is consumed, that men consume a maximum
of 2 standard drinks per day and women 1 standard drink per day (National Health
and Medical Research Council, 2003). Moderate intakes of sugar were determined
from the DGAA where they found no evidence that consuming a diet up to 15-20%
of energy from sugar cut points was detrimental to a healthy diet (National Health
and Medical Research Council, 2003). Extra foods were defined as foods that were
energy dense containing higher levels of sugar, fat or salt with one serve equivalent
to 600kJ (Smith et al., 1998a). Examples described in the AGHE include biscuits,
cakes, soft drinks, ice cream, pies, hot chips, and high fat take away items.
Identification and characterization of additional extra foods were determined from
research by Rangan et al (2009).
To follow dietary guideline recommendations as closely as possible, the non-dietary
component of the AGHE, preventing weight gain, was included in the TDS score.
Half the score was assigned to energy balance, calculated as the ratio of energy
intake (EI) to energy expenditure (EE) with a maximum score given for ratios falling
between 0.76 and 1.24, defined as the 95% confidence levels of agreement between
EI and EE (Black, 2000). The other half of the score was assigned to leisure time
physical activity. Physical activity levels were self-reported using questions from the
Australian National Heart Foundation Risk Factor Prevalence Surveys (Risk Factor
Prevalence Study Management Committee, 1990). Details of walking exercise and
the performance of moderate or vigorous activities were used to calculate METs.min
as described by Brown & Bauman (2000). Subjects were categorised into low (0<600 METs.min), moderate (≥600 to <1500 METs.min) and high (≥1500METs.min)
tertiles of physical activity.

Physical activity guidelines suggest 30 minutes of

moderate activity, preferably on all days of the week and 600 METs.min is
comparable to 30 minutes of physical activity on five days of a week (Brown and
Bauman, 2000). Subjects in the highest METs tertile scored 1 point reducing to a 0
point score for subjects in the lowest METs tertile.
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Drinking adequate water and food safety categories from the DGAA were not
included in the analysis because data on these items were not available in this study.
6.4.4

Analysis variables

The demographic and lifestyle covariates used in this analysis were taken from an
interviewer-administered questionnaire completed at the baseline visit. BMI was
calculated as weight (kgs) divided by height (m2), which was measured at the
baseline examinations using standardized methods.

Two BMI variables were

created: ‘low BMI’ defined as <20 kg/m2 and ‘high BMI’ defined as ≥30 kg/m2.
Education was classified as either ‘non-qualified’, having a high school diploma or
less or ‘qualified’ having any post-school qualification (including trade certificate,
diploma and/or degree).
Blood pressure was measured after sitting for at least 10 minutes, using standardized
methods. Hypertension was defined using the 2003 World Health Organization
(WHO) guidelines, taking as hypertensive grade 2 or above (severe hypertension),
which included persons previously diagnosed as hypertensive and currently using
anti-hypertensive medications, or those with a systolic BP ≥160mmHg or diastolic
BP ≥100mmHg at examination. A history of acute myocardial infarction (AMI),
stroke or cancer was self-reported by subjects who answered yes to the question “Has
a doctor advised you that you have any of the following conditions?” Walking
disability was assessed by the examiner during the clinic visit in subjects who had
walking difficulties or used a cane/crutches/walker or a wheel chair. White blood
cell (WBC) count was measured from fasting blood samples and determined using
the Coulter counter method. Dietary supplement users were defined as individuals
who consumed supplement(s) for a minimum of four days a week at least two
months prior to the study.
6.4.5

Statistical analysis

All statistical analyses were performed using SAS (version 9.1; SAS Institute, Cary,
NC, USA). Quintiles of TDS were created from the overall study population and the
mean intake of selected foods was calculated for each quintile. Regression models
were used to calculate mortality hazard risk ratios (HR) with 95% confidence
intervals (CI) for each quintile. The first multivariate model adjusted for age and
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gender; the second model adjusted for age, gender and lifestyle variables including
smoking, BMI, education and diet supplement use. A final multivariate model
adjusted additionally for poor self-reported health, hypertension, diabetes, AMI,
stroke, cancer, WBC and walking disability. Quintile 1 (lowest) was used as the
reference group and p for trend <0.05 was considered significant. The data were also
analysed as continuous scores to determine mortality risk for each standard deviation
increase in TDS for all multivariate models (1SD = 2.19). Sensitivity analysis was
performed by excluding one component at a time from the TDS score to determine
whether any individual component influenced the total score.

6.5 Results
Baseline characteristics of subjects are given by quintile of TDS score in Table 6.1.
Women, non-smoking subjects, and those with post high school qualifications had
trends for increasing TDS scores. Decreasing trends by TDS quintile (p for trend
<0.05) were found for the number of subjects who self-reported fair or poor health.
In this population of older Australians, the baseline TDS ranged from a minimum
score of 2.97 to a maximum of 15.40, out of a possible score of 20. Table 6.2 gives
the total mean intakes of the core food groups with greater intakes of fish, fruit and
vegetables, cereals, breads and cereal based products and all milk products in persons
with higher TDS scores (p for trend <.0001 for all). As an important part of the core
food groups, the mean intakes of optimal choice foods were also analysed separately
(Table 6.2). Consistent with the design of the TDS, the number of older Australians
reporting consumption of optimal choice foods increased through the quintiles for all
major food groups.

For example, mean wholegrain/wholemeal cereal intake

increased by 137% through quintiles 1 to 5. Total dairy intake increased by 31%
between quintile 1 and quintile 5 yet intake of low fat or reduced fat milk increased
by 224% from lowest to highest quintile of TDS.
During the 15-year-follow-up, 1047 (36.2%) subjects died. Participants with higher
TDS scores had a lower risk of all-cause mortality. Subjects in quintile 5 had a
significant 21% decreased risk of all-cause mortality compared to the reference
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Table 6.1 Baseline Characteristics of subjects by Total Diet Score quintile (n = 2897)
Quintile 1 Quintile 2

Quintile 3

Quintile 4

Quintile 5

n

579

580

583

585

577

Mean age yrs (SD)

65.5 (9.9)

65.8 (9.5)

65.3 (9.7)

64.6 (8.9)

65.7 (8.5)

%

%

%

%

%

43.7

51.0

56.1

59.0

70.0*

Married or de facto

64.7

67.0

66.9

70.8

62.2

Divorced or separated

10.9

10.5

11.1

9.6

13.0

Widowed

16.4

15.4

14.9

12.5

17.5

Never Married

8.0

7.1

7.1

7.0

7.3

Low <20

6.2

5.5

5.1

3.3

5.2

Moderate20-<30

77.1

77.3

74.6

79.5

79.3

High >30

16.7

17.3

20.3

17.2

15.5

Never

38.0

41.0

48.8

57.2

59.3

Past

38.7

41.3

35.7

34.3

34.3

Current

23.3

17.7

15.6

8.5

6.4*

Low

59.9

58.1

50.7

43.2

37.5

Moderate

27.0

22.5

26.7

29.1

31.3

High

13.1

19.4

22.6

27.7

31.3*

54.5

60.2

59.1

62.5

61.8*

30.1

34.8

34.3

36.7

48.3*

Excellent/good

70.9

74.3

77.2

82.0

79.9

Fair/poor

29.1

25.8

22.8

18.0

20.1*

Gender (n=2897)
Female
Marital Status (n=2893)

2

BMI kg/m (n=2856)

Smoking status (n=2777)

Physical activity (n=2841)

Education (n=2762)
Tertiary
Diet supplement use
(n=2897)
Self-reported health (n=2858)
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Walking Disability (2888)

7.3

3.1

5.7

4.0

4.4

Hypertension (n=2888)

46.0

46.0

46.3

42.1

46.7

Diabetes (n=2897)

5.2

6.9

5.4

8.9

10.1*

AMI (n=2893)

6.2

7.9

8.7

8.6

10.8*

Stroke (n=2894)

6.0

5.0

4.5

4.0

4.0

Cancer (n=2894)

8.5

7.9

9.2

8.3

8.5

*p for trend <0.05
group (quintile 1), (multivariate adjusted HR 0.79, 95% CIs: 0.63, 0.98, p for trend =
0.04), and a 23% decreased risk of cardiovascular mortality (adjusted HR 0.77,
95%CIs: 0.57, 1.05, p for trend = 0.1) (Table 6.3). No association between diet
quality and cancer mortality was found in any of the models (Table 6.3). Gender was
assessed as a potential effect modifier but no statistically significant interaction was
found (Table 6.3) and therefore we decided not to stratify by gender. In addition, we
reran the analysis after excluding subjects (n=98) who died within the first two years
of follow up and found similar results for both all-cause mortality (adjusted HR 0.83,
95% CIs: 0.66, 1.04) and CVD mortality (adjusted HR 0.76, 95% CIs: 0.57, 1.01).
We also examined TDS score as a continuous variable and observed an 8% (p =0.02)
decrease in multivariate-adjusted all-cause mortality per standard deviation increase
in TDS score (1SD=2.19 units), (HR 0.92, 95% CIs: 0.86, 0.99). A similar decrease
in cardiovascular mortality was observed for each SD increase in TDS score, (HR
0.91, 95% CIs: 0.82, 1.00) but not for cancer mortality.
We performed sensitivity analysis to determine whether the association between
TDS and mortality was influenced by any specific individual TDS component. Each
component was removed, one at a time, from the total score and the analysis was
then conducted again. This analysis demonstrated that our results were not sensitive
to removal of any single component and trend was similar for all models (Appendix
E).
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Table 6.2 Description of the range of Total Diet Scores in each quintile, with associated consumptions of lean red meat, fish and fruit and vegetables
Quintile 1

Quintile 2

Quintile 3

Quintile 4

Quintile 5

n

580

578

577

585

577

Mean TDS

6.22

8.02

9.19

10.46

12.39

Median TDS

6.53

8.00

9.16

10.45

12.20

Minimum TDS

2.97

7.38

8.65

9.77

11.17

Maximum TDS

7.36

8.63

9.75

11.17

15.40

Mean

95% CI

(g)
All Fruit g (inc dried

Mean

95% CI

(g)

Mean

95% CI

(g)

Mean

95% CI

(g)

Mean

95% CI

(g)

227.8

209.8, 245.8

306.4

287.5, 325.2

342.4

324.5, 360.3

381.4

357.9, 404.9

449.4**

428.5, 470.3

202.9

186.5, 219.4

276.1

258.1, 294.1

308.5

291.5, 325.6

345.9

323.5, 368.4

409.5**

389.5, 429.5

367.1

351.3, 383.0

413.9

398.9, 428.9

446.4

431.7, 461.1

471.6

456.1, 487.0

507.6**

491.7, 523.5

255.2

243.1, 267.3

296.4

284.3, 308.5

328.2

315.9, 340.5

352.2

339.2, 365.1

396.8**

383.1, 410.5

156.8

148.9, 165.6

197.4

187.4, 207.3

214.0

204.1, 224.0

232.5

221.8, 243.2

276.1**

264.8, 287.3

71.6

64.6, 78.6

95.4

87.7, 103.2

116.2

107.6, 124.7

129.7

120.7, 138.6

170.0**

159.9, 180.1

and canned fruit)
Fresh fruit
All Vegetables
Vegetables g exc.
potatoes
Cereals, breads and
cereal based products
Wholemeal/whole
grain cereals
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n

Quintile 1

Quintile 2

Quintile 3

Quintile 4

Quintile 5

580

578

577

585

577

Fish

16.1

14.8, 17.4

23.1

21.1, 25.0

26.6

24.6, 28.5

32.3

30.0, 34.7

39.1**

36.2, 42.0

All red meat

112.8

106.6, 118.9

114.0

107.9, 120.1

110.3

104.8, 115.8

108.6

102.8, 114.4

91.0**

86.0, 96.1

38.7

35.3, 42.2

52.4

48.3, 56.4

57.0

53.2, 60.7

62.1

58.1, 66.1

58.7**

55.0, 62.3

286.7

262.2, 311.1

313.2

294.6, 331.7

357.9

336.1, 379.7

368.9

348.6, 389.3

375.5**

356.9, 394.1

85.2

68.9, 101.4

113.9

98.3, 129.5

161.0

141.5, 180.4

206.7

187.0, 226.8

275.6**

255.7, 295.5

Alcoholic beverages

344.2

305.6, 382.7

205.0

176.4, 233.6

142.1

118.5, 165.7

84.4

71.3, 97.5

57.8**

45.9, 69.7

Extra Foods

433.8

401.3, 46.2

378.0

349.1, 406.9

379.4

349.0, 409.8

337.4

308.7, 366.0

318.1**

290.3, 345.9

Leaner red meat
Dairy products
Low or reduced fat
Milk

**p for trend <.0001
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Table 6.3 Total Diet Score (TDS) and risk of total and cause specific mortality by quintile of TDS and as a continuous variable
TDS Quintile

Subjects
n

Deaths
n (%)

Hazard risk ratios by TDS quintile†
HR

All-cause mortality
Quintile 1
Quintile 2
Quintile 3
Quintile 4
Quintile 5

477
484
503
509
517

194 (41)
180 (37)
179 (36)
162 (32)
153 (30)

1.0 ref
0.92
0.95
0.90
0.79

Cardiovascular mortality
Quintile 1
477
Quintile 2
484
Quintile 3
502
Quintile 4
509
Quintile 5
517

95 (20)
94 (19)
100 (20)
85 (17)
79 (15)

1.0 ref
0.92
1.05
0.92
0.77

Cancer mortality
Quintile 1
Quintile 2
Quintile 3
Quintile 4
Quintile 5

57 (12)
64 (13)
61 (12)
56 (11)
54 (10)

1.0 ref
1.14
1.09
1.01
1.01

477
484
503
509
517

95%CI

Gender
interaction

p for trend
0.04

P = 0.62

0.1

P = 0.74

0.8

P = 0.94

Hazard risk ratios by SD of TDS†
HR

95%CI

p for trend

0.92

0.86, 0.99

0.02

0.91

0.82, 1.00

0.06

0.98

0.87, 1.11

0.8

0.75, 1.13
0.78, 1.17
0.73, 1.11
0.63, 0.98

0.69, 1.23
0.79, 1.40
0.68, 1.25
0.57, 1.05

0.80, 1.63
0.76, 1.58
0.69, 1.47
0.69, 1.49

† Adjusted for age, smoking BMI (low, high), education, dietary supplement use, self-reported poor health, hypertension, diabetes, AMI, stroke,
cancer, WBC and walking disability
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6.6 Discussion
Our findings show that overall older Australians who more closely followed the
DGAAs had a significantly lower all-cause mortality risk over the next 15 years.
Further, participants with higher levels of diet quality included significantly greater
quantities of a range of recommended optimal choice foods in their diets suggesting
that following the current Australian dietary guidelines may reduce the likelihood of
all-cause mortality.
The goals of different diet quality indices may influence the relationship between
diet quality and risk of chronic disease and/or mortality (Waijers et al., 2007).
Predicting health outcomes often depends on the purpose of the index, for example
both the DQI and HEI were adapted to improve chronic disease risk prediction and
the alternative HEI was found to have greater capacity to predict chronic disease risk
(Wirt and Collins, 2009). The aim of the TDS was to examine overall diet and how
closely participants adhered to the DGAA and the AGHE as well as to determine
whether following the dietary guidelines reduced the risk of mortality. Another diet
quality index, the Recommended Food Score (RFS) has been found to predict
chronic disease risk better than more complex indices. However, the RFS scoring
system only scores intakes of recommended foods in the diet, in particular fruit and
vegetable intake, and does not consider energy dense nutrient poor foods, such as
extra foods (Kant et al., 2000).
Inverse association between diet quality and risk of all-cause mortality and cause
specific mortality has been reported in a number of studies. These findings were
based on reduced mortality risk and adherence to a Mediterranean diet pattern
(Trichopoulos et al., 2003) and the WHO’s guidelines for preventing chronic disease
(Huijbregts et al., 1997). However, results from indices that are based more closely
on published dietary guidelines do not show a consistent inverse relationship
between diet quality and all-cause mortality, CVD or cancer mortality (McCullough
et al., 2000a, McCullough et al., 2000b). The evidence for a relationship between
diet quality and cancer mortality is inconsistent in adults.

Our non-significant

findings for cancer mortality after multivariate adjustment are similar to other studies
that have used different diet quality indices (McCullough et al., 2000a, McCullough
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et al., 2000b, Seymour et al., 2003). There are many different types of cancer and
the effect of dietary factors varies between different cancer sites. However, we only
investigated total cancer mortality and had insufficient power to explore site-specific
cancer types.
The inconsistent findings could be explained by the low level of compliance to
dietary guidelines and reduction in risk of mortality or development of chronic
disease may be improved if overall diets were improved. Results from our study
suggest poor compliance with dietary guidelines with the maximum score reaching
approximately 75% compliance to dietary guidelines which is consistent with other
findings in the Australian population (McNaughton et al., 2008, Arabshahi et al.,
2011). However, even at this level we found a significant decrease in risk of allcause mortality in those who had greater compliance. Our significant findings of
higher diet quality in those who had an existing diagnosis of diabetes or AMI
suggests that older adults may be willing to change their diet due to health reasons
but as the baseline data in this study were cross-sectional it is not possible to explain
these results fully.
The TDS differs from other indices in a number of ways. The dietary guidelines
were designed to be applied to the total diet with no individual guidelines being
considered in isolation therefore we gave each component equal weighting. Under
the heading of enjoying a wide variety of nutritious foods we considered four core
groups, keeping vegetables, legumes and fruits as one component as described in the
DGAA. We included a score for the non-dietary component prevention of weight
gain measured by energy balance ratio and physical activity levels that has been
excluded from previous diet quality indices (Fogli-Cawley et al., 2006, McNaughton
et al., 2008). The importance of regular physical activity is emphasized by its
inclusion in the DGAA since 1992 as part of maintaining an healthy body weight
(National Health and Medical Research Council, 2003).

‘Extra’ foods were

considered as an individual component because they capture many energy dense
nutrient poor foods that are not included in the core food groups and may only partly
contribute to nutrient intake. These are highlighted in the AGHE which provides
materials for the general public to use to help manage their diet. It has been reported
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that ‘extra’ foods contributed 36% of energy from sugars in Australian adults,
considerably higher than the recommended levels and 99.1% consumed at least one
‘extra’ food (Rangan et al., 2009).
To our knowledge, this is the first Australian study to examine longitudinal data
assessing the relationship between diet quality and mortality using a tool based on
the DGAA and AGHE. Cross sectional studies in Australia to date have reported
generally higher nutrient intakes with higher diet quality scores (McNaughton et al.,
2008, Collins et al., 2008). There were no known validated Australian diet quality
indices at the time the TDS was developed, therefore an index assessing the 2005
American dietary guidelines was reviewed that distinguished between food intake
relating to energy and optimal choice recommendations to make improvements to the
TDS (Fogli-Cawley et al., 2006). The significant trend for higher consumption of
fruits and vegetables, fish, wholegrain breads and cereals across the TDS quintiles is
similar to findings from studies in the USA, Europe and Australia (McNaughton et
al., 2009, Hann et al., 2001, Toft et al., 2007, Drewnowski et al., 2009, Bondia-Pons
et al., 2010). However, the variety of scoring methods for diet quality such as the
RFS and MDS, length of mortality follow-up and differing covariate adjustments
limits direct comparison of our findings to other studies. With regard to potential
confounders, we adjusted for known modifiable health behaviours in the second
model but not for alcohol and physical activity levels as these were included as
components of the TDS. For the final multivariate model, we adjusted for a range of
health conditions including chronic diseases and walking disability which are known
to be related to diet (Fung et al., 2007).
Our study has a number of limitations. Using FFQs for self-reported dietary intake
can underestimate energy intake (Cade et al., 2004) or overestimate fruit, vegetable
and dairy intakes (Bingham et al., 2001, Ibiebele et al., 2009). To allow for this
overestimation, we increased the cut-point for fruit and vegetable intake per day to 3
serves and 7 serves, respectively. However our results provide a good indicator of
the proportion of optimal foods consumed between those in the lowest to highest
quintile of TDS. For example, total red meat intake reduced from quintile 1 to
quintile 5 whilst choosing leaner red meat cuts increased across the quintiles in the
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opposite direction. The reduction in red meat intake could be explained by higher
fish intake with intakes increasing by 143% from lowest to highest quintiles of TDS.
In addition the FFQ only measures diet at one time point and not over a lifetime.
However, older adults may have established eating patterns that remain constant over
time (Cade et al., 2004).
A further limitation is the assumption that the dietary guidelines used to define diet
quality indices are based on the best available scientific knowledge, though this may
not necessarily be the case as it is difficult to keep dietary guidelines up to date (Hu,
2002). The DGAAs were developed to provide guidelines for diet targeting overall
health and wellbeing but they are not disease specific and may provide protective
benefits for some diseases and not others (Michels and Schulze, 2005).

Many

subjects had at least one chronic disease at baseline, which were adjusted for in
Model 2 of our analysis. The data were reanalysed excluding participants who died
within two years of baseline and the results were similar throughout. However, there
is the possibility that residual confounding may have influenced the associations
between mortality and dietary intakes.

Although we accounted for known

confounders, mortality causation is multifactorial and there may be other
confounding factors that need to be considered. Strengths of this study include its
high response rate in a population-based sample as well as detailed data collection
enabling us to assess a wide range of potential confounders. Our study population is
representative of the Australian population in the same age group, except for a
slightly higher SES shown by a higher proportion who owned their home, a higher
proportion with qualifications after leaving school and a lower proportion of manual
workers (Webb and Schofield, 1999).

6.7 Conclusion
In conclusion, these data provide useful information about the relationship between
adhering to dietary guidelines and mortality risk in a representative older Australian
population. As assessment of diet quality was based on adherence to the DGAA, the
TDS could be applied to longitudinal data assessing the effects of diet quality and
morbidity or mortality risk in other Australian adult populations.
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7 VALIDATION OF THE TOTAL DIET SCORE
This chapter is based on the submitted manuscript: Russell J, Flood, VM,
Sadeghpour A, Gopinath B, and Mitchell P. Total Diet Score as a valid method of
measuring diet quality among older adults. European Journal of Clinical Nutrition.
2013 under review. The manuscript has been adapted to match the recommended
style for thesis presentation.

Contribution of the authors
This manuscript combines the results from two student projects, one undergraduate
(Luke Phillips) and one postgraduate (Ali Sadeghpour), both of whom were cosupervised by Joanna Russell and Victoria Flood.

Additional analyses were

undertaken by Joanna Russell under the supervision of Victoria Flood. Joanna
Russell wrote the manuscript and it was edited by Victoria Flood and Bamini
Gopinath. Paul Mitchell designed and implemented the overall cohort study. All
authors reviewed and commented on the final version of the manuscript.

7.1 Introduction
The previous chapter described the Total Diet Score and examined the relationship
between food group intakes and also found lower diet quality was associated with a
higher risk of mortality.

This was a newly developed diet quality index that

specifically targeted older Australians to measure their adherence to recommended
dietary guideline. Although based on previous diet quality indices the tool required
validating in this population. As such, this chapter addresses objective five by
validating the TDS using two different methods.

7.2 Abstract
Background/Objectives: The aim of this study was to determine the validity of the
Total Diet Score (TDS) based on two methods; firstly TDS calculated from a food
frequency questionnaire (FFQ) compared to TDS calculated from weighed food
records (WFRs); and secondly to examine the association of TDS in relation to
dietary biomarkers.
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Subjects/Methods: Data were collected from a population based cohort study located
in the Blue Mountains region of Sydney, Australia. For comparison of dietary
assessment tools, a sub sample of 75 subjects aged between 63 and 83 years
completed both the FFQ and three four-day WFRs at baseline.

Fasting blood

samples were collected from 2897 participants at the first follow up in 1997-1999.
TDS was calculated from the WFRs and FFQs (baseline and follow up). Methods
used to assess validity included paired t-tests, Pearson correlations, Bland-Altman
plots, joint classification quartiles and weighted kappa scores. Linear regression
analyses were used to assess the relationship between TDS and biomarkers.
Results: No significant mean difference was found between FFQ TDS and WFRs
TDS (p =0.63) with a significant positive correlation seen between the two methods
(r =0.75, p<0.0001). The Bland-Altman method found no linear trend between the
differences and means of TDS scores between the FFQ and WFR (p =0.38). A
significant trend for higher serum vitamin B12, serum folate, homocysteine and
lower total cholesterol was found with increasing TDS.
Conclusions: These findings suggest that the TDS was a useful tool for assessing diet
quality in an older population.

7.3 Background
Diet quality, focusing on the diet as a whole, versus studying single nutrients, has
become increasingly popular as nutrients are not eaten in isolation and nutrient
bioavailability can be affected by interaction of nutrients when eaten together
(Slattery, 2008, Hu et al., 1999, Hann et al., 2001, Wirt and Collins, 2009). As a
result, a number of tools have been developed to assess diet quality and its effect on
health outcomes. There has been evidence that adhering to recommended dietary
guidelines plays a role in maintaining good health outcomes and may reduce the risk
of developing chronic disease (McCullough et al., 2000a, Hann et al., 2001, FogliCawley et al., 2007, Imamura et al., 2009).
Comparing two dietary assessment tools has been regularly used for validation
purposes as well as comparing a dietary assessment tool to some other measure of
dietary intake such as dietary biomarkers. These methods have now been applied to
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diet quality indices to examine the relationship to nutrients as well as health
outcomes (Kant and Graubard, 2005, Weinstein et al., 2004, Bach-Faig et al., 2006,
Freisling et al., 2009). While predicting disease outcomes from diet quality indices
is said to be the ultimate test of validity (Newby et al., 2003), this depends on the
goals of the index, some are specifically developed to assess the relationship to
health outcomes, others more generally to determine adherence to current dietary
guidelines. Huijbregts et al (1997) reported the Healthy Diet Indicator was inversely
associated with all-cause and cardiovascular mortality in middle-aged men after
multivariate adjustment. Knoops et al (2006) found adherence to two Mediterranean
diet quality indices was inversely related to all-cause mortality in older adults after
10 year follow up.
The TDS was developed to determine diet quality in an older Australian population,
reflecting adherence to the Dietary Guidelines for Australian Adults (DGAA)
(National Health and Medical Research Council, 2003). To date, people with better
diet quality, measured through the TDS, had a significantly reduced risk of all-cause
mortality after 15 years. They were also less likely to have chronic kidney disease
and had improved microvascular health (Russell et al., 2013, Gopinath et al., 2013a,
Gopinath et al., 2013b).
The aim of this study was to determine the validity of the TDS using two different
methods. Firstly, to compare TDS scores calculated from a validated FFQ against
scores computed from the average of three, four-day weighed food records (WFRs)
in the same population. Secondly, the relationship between TDS and a number of
nutritional biomarkers was investigated.

7.4 Methods
The Blue Mountains Eye Study (BMES) is a population-based cohort study of vision
and common eye diseases in residents aged 49 years or older living in a twopostcode region, west of Sydney, Australia. Full details of the study design and
methods have been published previously (Mitchell et al., 1995, Smith et al., 1998b).
BMES examinations were completed at baseline (BMES1, between 1992 and 1994),
by 3654 participants (82.4% of eligible people). At the first follow up (BMES 2a;
1997-1999) 2335 (75.1%) survivors were examined alongside an additional 1174
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participants recruited in 1999 to capture residents who had moved into the area or
reached the age of 49 years. A total of 3509 individuals were examined as part of the
BMES Cross Section, a combination of BMES2a and BMES2b. Participants for the
comparison of dietary assessment tools were recruited from BMES1 whilst fasting
blood samples were collected during clinic visits for BMES Cross Section. Ethics
approval was granted by the Western Sydney Area Health Services Human Research
Committee and the University of Sydney Human Research Ethics Committee. All
participants provided written consent prior to enrolment.
7.4.1

Validation study participants

During 1994 a random sample of BMES1 subjects aged between 65 and 85 years (n=
186) was selected to complete three WFRs, each with a four-day duration. These
WFRs were completed every four months over a one year period to allow for
seasonal variability, providing a total of 12 days of WFR. Of the 150 subjects who
accepted the opportunity, 78 subjects successfully completed 12 days of WFRs
(response rate= 52%).
7.4.2

Food frequency questionnaire

The semi-quantitative FFQ included 145 items and was adapted for the Australian
diet from an earlier Willett FFQ (Smith et al., 1998b). Subjects used a nine-category
frequency scale, ranging from never to four times a day, to indicate usual
consumption of particular food items during the past year.

FFQ validity was

assessed in a previous study by comparing nutrients from the FFQ to the three 4-day
WFRs (n= 78) (Smith et al., 1998b, Flood et al., 2004, Barclay et al., 2008).
Australian Tables of Food Composition were used to estimate dietary intakes and the
data entered and analysed using a purpose built software analysis system with
NUTTAB90 for BMES1 and NUTTAB95 for BMES Cross Section.
7.4.3

Total Diet Score

Development details of the TDS have been published previously (Russell et al.,
2013); briefly the TDS was developed to measure quality of diet and centred not only
on different food choices but also recommended foods as outlined in the DGAA and
the Australian Guide to Healthy Eating (AGHE) (Australian Institute of Health and
Welfare, 2007a).

The TDS was divided into ten components, each component
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having a maximum score of 2 for those who met the recommendations with prorated
scores between 0 and 2 for lower intakes.

Component scores were summed

providing a final score ranging between 0 and 20. The TDS measured both food
intake from the five core food groups and consumption of optimal choice foods
identified as providing greater dietary benefits, and recommended in the AGHE. The
FFQ overestimation of fruit and vegetable intake was determined in this cohort by
the validity study (Smith et al., 1998b) therefore we replaced the AGHE’s
recommended two serves per day of fruit with three serves per day and the number of
vegetables consumed per day from five serves to seven serves to allow for the
overestimation. The AGHE recommended fruit and vegetable serves per day were
used when calculating the WFRs’ TDS scores.
The non-dietary AGHE recommendation for preventing weight gain was also
included in the TDS score. Half the score was assigned to energy balance (the ratio
of energy intake to energy expenditure) and half the score to leisure time physical
activity.

Physical activity levels were self-reported using questions from the

Australian National Heart Foundation Risk Factor Prevalence Surveys (Risk Factor
Prevalence Study Management Committee, 1990). Walking, moderate or vigorous
activities were scored as Metabolic Equivalents (METs) as described by Craig et al
(2003) and divided into tertiles.
7.4.4

Laboratory analyses

Fasting blood samples were drawn and sent on the same day to Westmead Hospital
clinical pathology laboratory, Sydney, Australia for analysis and assessment. Serum
vitamin B12 and serum folate assays were performed using the competitive-binding
assay method, on a Beckman-Access analyser (Beckman Coulter, Gladesville,
Sydney, Australia).

For homocysteine from blood, the fluorescent polarization

immunoassay method was conducted on an IMx analyzer (Abbott Laboratories,
Abbot Park, Illinois, USA). Serum lipid samples (total cholesterol, HDL cholesterol
and triglycerides) were measured on a Reflotron reflectance photometric analyzer
(Boehringer Mannheim Diagnostics). Serum LDL cholesterol levels were calculated
using the Friedewald equation (LDL cholesterol=total cholesterol-HDL cholesterol(triglycerides/5)) (Friedewald et al., 1972).
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7.4.5

Statistical Analysis

Descriptive analyses of subjects were calculated along with mean TDS from both the
FFQ and the WFR for each subject. Paired t-tests were conducted to determine
differences in TDS between the two dietary assessment methods. Three methods
were used to assess validity: Pearson product moment correlations, Bland-Altman
limits of agreement (Bland and Altman, 1986) and weighted kappa scores (Cohen,
1968). The data were divided into quartiles for both FFQ and WFR TDS scores
respectively to determine the degree of correct classification between quartiles.
Gross misclassification was identified when the TDS from one assessment method
was classified in the lowest quartile and the other TDS classified into the highest
score. Results were considered statistically significant at the p<0.05 level. Tests for
normality of the total TDS data were conducted using the Shapiro Wilk test and the
data were found to be normally distributed.
For analysis of plasma/serum concentrations, each biomarker was considered an
individual dependent variable with quartiles of TDS, the independent variable.
Pearson correlation coefficients (r) and partial correlations were calculated to assess
the linear relationship between TDS and biomarkers separately. Partial correlations
were adjusted for age, gender, BMI, smoking status and for dietary supplement
intake of serum vitamin B12 and folate, respectively. Tests of normality were
conducted and found to be significant for all biomarkers, therefore each biomarker
variable was log transformed for analysis to improve normality. Multiple linear
regression models were created to assess potential confounding variables including
gender, age, qualifications, BMI, smoking status, energy intake (kJ) and, for serum
vitamin B12 and serum folate, respective dietary supplement use. The potential
confounding variables were selected a priori from previous findings in the literature.
For consistency, the same covariates were adjusted for in each biomarker and
included those that were significant for at least four of the biomarkers (p<0.05). The
covariates in the final model included gender, age, BMI and smoking status with
vitamin B12 and folate dietary supplement use additionally included for serum
vitamin B12 and serum folate biomarkers, respectively.

Trend analysis was

conducted on each biomarker with TDS as a continuous variable.
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Analyses were performed using IBM SPSS Statistics for Windows (Version 19.0,
2010, Armonk, NY, USA) except for weighted kappa scores which were calculated
using SAS statistical software (version 9.2; SAS Institute, Cary, NC, USA).

7.5 Results
7.5.1

Comparison of TDS from FFQ and WFRs

Characteristics of the 75 participants included in the analysis are shown in Table 7.1
and the mean age of participants in the validation study was 70 years compared to 65
years in BMES cohort. Older age in the validation study was intentional because
age-related diseases were the primary interest that are not common in younger people
(Smith et al., 1998b). Two subjects were excluded from the analysis due to extreme
TDS scores and one other subject was excluded because they had no physical activity
data available.
The mean FFQ TDS was higher than the mean WFR TDS but this difference was not
significant (9.66-9.43, p=0.63). When the data were analysed by gender, men had a
higher mean WFR TDS than FFQ TDS (9.64 vs 9.21 respectively) whereas the
opposite was true for women (9.22 vs 9.80 respectively) although the differences
were not statistically significant.
The Pearson correlation results given in Table 7.1 show the strength of the
relationship between the two methods was good (0.63, p<0.0001). We used a BlandAltman plot to assess agreement visually (Figure 7.1). The regression analysis
showed there was no significant linear trend, indicating no systematic bias between
the scores of the two assessment methods (p=0.38).
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Table 7.1 Analysis of Total Diet Score calculated from two dietary assessment
methods (BMES1)
Male

Female

Total

n = 35

n = 40

n = 75

70.7

69.7

70.1

FFQ

9.21 (2.23)

9.80 (2.36)

9.66 (2.30)

WFR

9.64 (2.36)

9.22 (1.90)

9.43 (2.12)

-0.43 (p=0.13)

0.58 (p=0.08)

0.23 (p=0.63)

LOA†

2.83, -3.69

4.48, -3.52

3.95, -3.74

Pearson Correlation

0.75*

0.54*

0.63*

Weighted Kappa

0.44

0.32

0.39

Percentage correctly classified

42.9%

32.5%

37.3%

88.6%

87.5%

88.0%

0

0

0

Mean age (yrs)
Total Diet score, mean (SD)

Mean difference
(FFQ TDS – WFR TDS)

into same quartile
Percentage correctly classified
within 1 quartile
Percentage grossly misclassified
†LOA Limit of agreement
* = p<.0001
The proportion of subjects correctly classified to within one quartile of TDS was
88% (Table 7.1). A higher proportion of men were correctly classified within one
quartile than women and no participants were grossly misclassified. The weighted
kappa value (0.39) showed fair to moderate agreement overall, but the weighted
kappa score for women was lower than men indicating fair agreement (0.32 vs 0.44).
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Upper LOA = 3.95

Diff TDS = -0.84 + 0.1 x mean TDS
(95% CI: -0.12, 0.32 p value 0.376)
Mean = 0.11

Lower LOA = -3.74

Figure 7.1 Differences in TDS scores between FFQ and WFR.
FFQ = food frequency questionnaire, WFR = 4 day weighed food record;
LOA= limit of agreement
7.5.2

TDS and nutritional biomarkers

Descriptive details, by TDS quartile, of participants included in the nutritional
biomarker analysis are given in Table 7.2. There was no significant difference in
mean age between participants with the highest and lowest quartiles of TDS. The
proportion of women increased through the quartiles of TDS from lowest to highest
diet quality. The opposite effect was found in current smokers, with the proportion
decreasing significantly from lowest quartile of TDS to highest quartile of TDS.
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Table 7.2 Characteristics of participants included in biomarker analysis from BMES2
Cross Section by quartiles of TDS (n = 2486)
Quartiles of TDS
Q1

Q2

Q3

Q4

n=619

n=623

n=616

n=627

Age (mean, yrs)

66.5 (9.51)

66.4 (9.45)

66.5 (8.51)

66.2 (8.81)

BMI, mean (SD)

27.76 (4.82)

27.32 (4.60)

27.82 (4.80)

27.28 (4.60)

8603.08

8761.60

8376.28

8378.93

(2791.23)

(2669.67)

(2327.72)

(1843.02)

47.0

53.1

59.6

57.3**

Current Smoker (%)

13.2

9.8

8.5

4.8**

Takes folate supplement (%)

9.9

15.7

11.9

15.6*

Takes vitamin B12

13.1

18.9

15.9

21.7*

Energy intake
mean KJs (SD)
Gender
Female (%)

supplement (%)
p value: *<0.01 **<.0001
Pearson Correlation coefficients and partial correlations are given in Table 3. TDS
was positively correlated with serum vitamin B12 and folate and negatively
correlated with homocysteine and triglycerides.

Crude HDL cholesterol

concentrations were positively correlated with TDS although the partial correlation
was negative (-0.159, p<0.004).

For most other nutritional biomarkers, after

adjusting for potential confounders the partial correlations were attenuated.
The TDS was divided into quartiles and those with the highest diet quality (Q4) were
compared to those with the lowest diet quality (Q1) and found to be significantly
different in the appropriate direction for serum vitamin B12, folate, homocysteine
and total cholesterol as shown in Table 7.4. Higher TDS scores were significantly
associated with higher serum vitamin B12 and serum folate as well as lower levels of
homocysteine, total cholesterol and, unexpectedly, HDL cholesterol after adjusting
for gender, age, BMI and smoking status also shown in Table 7.4.
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Table 7.3 Pearson Correlations(r) of Total Diet Score with dietary biomarkers
Biomarker

Total Diet Score
Correlations

Vitamin B12 (pmol/L)

0.109*

Partial
Correlations†
0.088*

Serum folate (mmol/L)

0.139*

0.106*

Homocysteine (µmol/L)

-0.183*

-0.159*

Total cholesterol (mmol/L)

-0.030

-0.068

HDL Cholesterol (mmol/L)

0.022

-0.059

LDL Cholesterol (mmol/L)

-0.029

-0.038

Triglycerides (mmol/L)

-0.047*

-0.033

†Partial correlations adjusted for age, gender, BMI, smoking status and respective
supplement use for serum vitamin B12 and serum folate.
p value < 0.05
Table 7.4 Associations between nutritional biomarkers and quartiles of Total Diet
Score
Adjusted mean† concentrations across
quartiles of TDS
Biomarker
Q1
Q2
Q3
Q4
Vitamin B12 (pmol/L)

242.50**

252.40

253.41

267.74

P for
trend‡
<.0001

Serum folate (nmol/L)

15.53***

16.10*

16.44

17.51

<.0001

Homocysteine (µmol/L)

12.27***

11.29

11.23

10.77

<.0001

Cholesterol (mmol/L)

5.81*

5.82*

5.69

5.62

0.001

HDL Cholesterol (mmol/L)

1.44

1.42

1.41

1.39

0.004

LDL Cholesterol (mmol/L)

3.95

4.01*

3.89

3.85

0.06

Triglycerides (mmol/L)

1.41

1.37

1.35

1.34

0.11

†Least square mean scores adjusted for gender, age, BMI and smoking status.
Vitamin B12 and folate biomarkers were additionally adjusted for respective dietary
supplement intake. Scores were log transformed for analysis and exponentiated for
presentation.
‡p for trend calculated with TDS as a continuous variable.
*<0.05; ** <.001; ***<.0001; p values for significantly different scores from Q4
(highest diet quality)
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7.6 Discussion
The TDS was developed to assess adherence to the Australian dietary guidelines in
an older population and our findings indicate it is a valid tool for this purpose.
Although an older adult population was recruited for this study, the TDS could be
adapted for use in other age groups from the Australian population. The moderate
correlations between the two methods indicated that the FFQ estimates diet quality
similar to WFRs. In addition, our findings, are similar to others, which suggests
individuals can be ranked with some accuracy in terms of diet quality even though
FFQs are not as reliable as a tool for assessing food intakes as weighed food records
(Newby et al., 2003).
The level of agreement between the two methods was examined using Bland-Altman
analysis, a method not used often in validation studies of diet quality indices
(Huybrechts et al., 2010). Our finding that the FFQ overestimated TDS compared to
the WFR, but not to a significant level, was similar to one other study of Belgian preschoolers using this method (Huybrechts et al., 2010).
Overestimation of fruit and vegetable intake in self-reported FFQs is commonly
reported and this was also found to be true in our cohort (Smith et al., 1998b). We
accounted for the overestimation by increasing the number of recommended serves
of fruit and vegetable from two to three and five to seven respectively to achieve a
maximum TDS. The difference between the fruit and vegetable TDS scores from the
two methods was 0.06 which provides justification for the increased number of
serves used.
The TDS was also compared to dietary biomarkers. Correlations found between the
TDS and nutritional biomarkers suggested a small effect size (r <0.20) (Cohen, 1992).
However, these findings were consistent with previous studies that have assessed diet
quality against dietary biomarkers (Weinstein et al., 2004, Toft et al., 2007, Hann et al.,
2001, Bach-Faig et al., 2006). Serum levels of vitamin B12, folate and homocysteine
had greater correlations to the TDS than lipid biomarkers. One explanation maybe that
lipids were not an accurate measure of dietary fat intake because serum cholesterol
levels could have been affected by other nutrients as well as type of fat intake (Bates et
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al., 1997). However, in the BMES survivor cohort it was found that serum lipid
profiles improved with decreased saturated fatty acid intake as well as increased n-3
fatty acids and fish intake over a ten year period independent of lipid lowering
medication use (Buyken et al., 2010b). Plasma cholesterol levels may also be affected
by individual genetic variation and degree of disease more so than dietary fat intake. It
has been suggested that diseases, such as diabetes, infections and inflammation may
affect serum cholesterol concentrations as well as lower lipid levels following an acute
myocardial infarction (Bates et al., 1997). For this older adult cohort it may be
particularly relevant as many participants reported a diagnosis of at least one health
condition.
The finding that HDL cholesterol concentrations decreased with increasing diet
quality was interesting. Similar results have been reported previously but the reason
for these findings is not clear. One explanation could be the lack of adjustment or
exclusion of participants with chronic diseases or those taking medications (Kant and
Graubard, 2005, Weinstein et al., 2004).
The aim of the DGAA was to improve the community’s health and well-being as
well as reduce the risk of diet-related disease (National Health and Medical Research
Council, 2003). Primary sources of vitamin B12 and folate in the Australian diet are
animal foods, cereal products and vegetables. The significant trends for increasing
Vitamin B12 and serum folate levels along with decreasing homocysteine
concentrations with increasing TDS suggested these were reflected by the TDS
(National Health and Medical Research Council and Department of Health and
Ageing, 2006). Total cholesterol and LDL-cholesterol concentrations followed a
similar pattern, although the trend for serum LDL cholesterol was not significant.
Lipid concentrations were higher in all quartiles than the highest quartile for diet
quality (reference) with a significant difference found between quartile 2 and quartile
4. It is suggested that this tool may be useful for measuring diet quality and risk of
developing chronic diseases in population studies as hyperhomocysteinaemia was
found to be an independent risk factor for coronary heart disease mortality (Gopinath
et al., 2012, Humphrey et al., 2008).
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When discussing dietary assessment, the limitations must be considered. Dietary
intake as measured by FFQs is often validated by comparing intakes to WFRs
because there is no gold standard available but the correlation of errors between the
two methods are amongst the lowest; however, a degree of error remains in both
methods (Willett, 1998). These issues have been addressed previously as the FFQ
used in this study was validated against the WFRs and found to have a similar degree
of correlation (Smith et al., 1998b). Additional methods were applied for the TDS
validation including Bland-Altman plots, cross-classification and weighted kappa
scores to allow for greater understanding of the strengths and weaknesses of the
TDS. A further limitation was missing food items from the FFQ that were included
in participant’s WFRs. Foods that were not included in both dietary assessment
methods were excluded from the analysis, for example water, and herbs and spices.

7.7 Conclusion
Overall, we found good correlation and agreement between the TDS scores when
calculated from the two dietary assessment methods; these findings as well as the
association of the TDS with biomarker concentration suggest this tool could be
useful for determining diet quality in terms of adherence to the Australian Dietary
Guidelines at the population level.

Further validation of the TDS would be

beneficial, for example comparing scores against other diet quality indices. There is
also potential for the TDS to be adapted for use in other Australian age groups but
this, again, would require further validation.
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8 FOOD SECURITY, DIET QUALITY AND QUALITY OF LIFE
This chapter is based on a manuscript prepared for journal submission: Russell J,
Flood, VM, Yeatman H, and Mitchell P. Relationship between food security, diet
quality and quality of life in older adults.
Contribution of the authors
The manuscript idea was conceived and all data analysed by Joanna Russell under
the supervision of Victoria Flood and Heather Yeatman. Joanna Russell wrote the
manuscript which was edited by Victoria Flood and Heather Yeatman. Paul Mitchell
designed and implemented the overall cohort study. All authors have reviewed and
commented on the final version of the manuscript.

8.1 Introduction
The previous four chapters have examined food insecurity and diet quality separately
in a cohort of older Australians. In this chapter, the final objective is investigated to
determine whether food security and/or diet quality are related to quality of life.
Relationships between food insecurity and poor nutrient intake have been reported
previously but little research has explored relationships between food security and
diet quality or their impact on quality of life in older Australians.

8.2 Abstract
Purpose: Evidence about the association between food insecurity, diet quality and
health status is limited. The aim of this study was to examine the relationships of
these factors with health related quality of life (HRQoL) in a cohort of older
Australians.
Methods: Data were collected as part of the Blue Mountains Eye Study, a cohort
study of community living individuals aged 49 years and over. A 12-item food
security survey, the 36 item Short-Form health survey and food frequency
questionnaire were completed by 2642 participants. Diet quality was calculated as
the Total Diet Score (maximum score 20) from the FFQ. Analysis of covariance
compared differences in HRQoL scores between food secure and food insecure
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groups and quartiles of TDS. Higher HRQoL scores indicate better physical and
mental health.
Results: HRQoL scores were significantly lower across all domains of HRQoL in
the food insecure group compared to the food secure group.

Adjusted mean

differences between scores ranged from 4.01 (95% CIs: 1.64, 6.38) to 18.00 (95%
CIs: 13.43, 22.56). Individuals in the lowest quartile of TDS had significantly lower
HRQoL scores compared to those in the highest TDS quartile for physical
functioning (4.46, 95% CIs: 1.67, 7.26) and vitality (4.14, 95% CIs: 1.34, 6.95).
Conclusions: The study findings provide evidence of a relationship between worse
physical and mental health and both food insecurity and poor diet quality. Further
research into food insecurity in our ageing population is required to ensure good
health is maintained through appropriate health and community services.

8.3 Background
With the older adult population rapidly growing, there is an increasing number of
individuals in this age group at risk of developing a chronic disease and/or physical
limitations (Lee and Frongillo, 2001b).

At the same time, more than half of

Australian older adults report having five or more long term conditions (Australian
Institute of Health and Welfare, 2010). Assessing health related quality of life
(HRQoL) encompassing physical and mental health as well as social and emotional
wellbeing is potentially a better indicator of health status than morbidity in older
adults (Drewnowski and Evans, 2001). Previous studies have also found that selfreported HRQoL to be a good predictor of mortality (Dorr et al., 2006, Tsai et al.,
2007, Otero-Rodriguez et al., 2010).
Research into HRQoL and food insecurity in older adults is limited. Food insecurity
is defined as either limited availability of nutritious foods and/or the inability to
acquire nutritionally acceptable and safe foods (Anderson, 1990). From analysis of a
single question from the National Health and Nutrition Examination Survey
(NHANES), food insufficient older adults were 2.33 times more likely than those
identified as food sufficient to report poor/fair self-reported health after adjusting for
potential confounders (Lee and Frongillo, 2001b). Significantly lower intakes of
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energy, protein, carbohydrate, and seven micronutrients were also reported in this
study. In addition, Rose & Oliveira (1997) found that older adults who were food
insufficient had lower intakes of eight nutrients including energy and calcium.
Evidence assessing overall diet and food insecurity found food secure adults had
higher diet quality scores than food insecure adults (Champagne et al., 2007).
The association between diet quality and food security is debateable and there is
again limited research in Australia. The nature of food security encompasses both
the availability of and access to food and could have a role in determining an
individual’s diet quality. Radimer (1997) found that eating meat less than once a
week, having lower fruit and vegetable intakes and more frequent consumption of
takeaway foods was significantly associated with food insufficiency in Queensland
adults.
Investigation into the relationship between diet quality, measured as overall diet, and
health suggests the risk of mortality and the risk of developing chronic disease is
reduced with higher diet quality (Russell et al., 2013). Research has also shown that
poorer HRQoL was related to poorer diet quality but the focus to date has been
limited to patients with chronic diseases or younger age groups (Wayne et al., 2006,
Tangney et al., 2004). Findings from a cross sectional study in Spain suggested that
better mental and physical quality of life was associated with greater adherence to the
Mediterranean Diet in both men and women aged between 35 and 74 years (Munoz
et al., 2009). Similarly, Henrique-Sanchez (2012) found that university graduates
with high diet quality scores at baseline had better physical functioning, general
health and vitality after four-year follow up.
This study examines the relationships of food security status and diet quality,
expressed as adherence to published dietary guidelines, with HRQoL, as measured
by the 36-item Short-Form Health Survey (SF-36), in a cohort of community living
older Australians.
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8.4 Methods
8.4.1

Study

The Blue Mountains Eye Study (BMES) is a population based cohort study of vision
and common eye diseases in residents west of Sydney aged 49 years and over. Full
details of the study design have previously been reported (Mitchell et al., 1995). In
1992-1994 (BMES1), 3654 participants participated in baseline examinations. After
five years, all participants from BMES1 were invited to attend repeat examinations
and 2335 (75.1%) survivors were examined (BMES2a). In 1999, a further 1174
(85.2%) participants were recruited from 1378 eligible residents who had either
moved into the study area or reached the minimum age criteria (BMES2a). BMES
Cross Section is made up of a combination of BMES2a and BMES2b, with a total of
3508 participants examined.
The study followed the recommendations of the Declaration of Helsinki and was
approved by Sydney West Area Health Service and University of Sydney Human
Research Ethics Committees.

Written informed consent was provided by all

participants.
8.4.2

Data collection

Prior to clinic examinations, a detailed questionnaire including the SF-36, food
frequency questionnaire (FFQ) and food security survey, was mailed to all
participants of the BMES Cross Section study. Participants provided information
about socio-demographic factors and their medical history during face-to-face
interviews conducted as part of the clinic visits. Age, gender, marital status and level
of education attained were also recorded and participants were asked whether they
received a pension or not. A history of acute myocardial infarction (AMI), stroke,
arthritis, asthma and cancer if previously diagnosed by their doctor was self-reported;
self-rated health was reported as excellent, good, fair or poor. Hypertension was
described as those participants who recorded a systolic blood pressure ≥160mmHg or
diastolic blood pressure ≥100mmHg at the clinic visit or were using antihypertensive
medication. Body Mass Index (BMI) was calculated from measured height and
weight (kg/m2). Walking disability was assessed by examiners during clinic visits as
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any subject who had walking difficulties or used a cane/crutches/walker or a wheel
chair.
8.4.3

Health related quality of life

HRQoL was assessed using the Short Form 36 questionnaire, a commonly used selfreported health survey (Ware and Sherbourne, 1992). This questionnaire includes 36
items that provide information on eight domains of physical and mental health and
wellbeing.

These include physical functioning, role limitations due to physical

problems, bodily pain, general health perceptions, vitality, social functioning, role
limitations due to emotional problems and mental health. The eight subscales were
then summarized into two component scores, with the first four domains represented
as a physical component score and the latter four domains represented as a mental
component score. Higher scores in all domains and components reflect better health
with a range from 0-100 (Ware and Sherbourne, 1992).

The SF-36 has been

validated in this cohort and found to be an effective measure of health in older
community based populations (Chia et al., 2006).
8.4.4

Food security survey

The food security survey was adapted from the Radimer/Cornell measures of hunger
and food insecurity (Wolfe et al., 1998) and comprised 12 statements relating to
individual and household food situations. The statements address different aspects of
food insecurity including concern about running out of food, reduced quality and
decreased quantity of food consumed. Details of the food security survey have been
published previously (Russell et al., 2014).
For this analysis, participants were coded as food secure if they answered “never
true” to all 12 statements and food insecure if they answered any one of the
statements “sometimes true” or “often true” to determine all individuals who were
food insecure irrespective of the degree of food insecurity.
8.4.5

Total Diet Score

Diet quality scores were calculated from a 145 item semi-quantitative food frequency
questionnaire adapted to the Australian diet and vernacular from a Willett FFQ.
Details of the Total Diet Score (TDS) have been published previously (Russell et al.,
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2013). Briefly, the TDS was developed to assess diet quality in terms of adherence
to the Dietary Guidelines for Australian Adults (DGAA) (National Health and
Medical Research Council, 2003). The TDS was made up of ten components, and
each component had a maximum score of 2 for those who met the dietary guidelines
recommendations, with prorated scores between 0 and 2 for lower intakes. The
component scores were summed to provide an overall score that ranged between 0
and 20. The TDS measured both food intake of the five core food groups and intake
of optimal choice foods that have greater dietary benefits, as recommended in the
Australian Guide to Health Eating (AGHE) (Smith et al., 1998a). To allow for FFQ
overestimation of fruit and vegetable intake in this cohort, as determined by the
validity study (Smith et al., 1998b), we replaced the AGHE’s recommended two
serves per day of fruit with three serves per day and the number of vegetables
consumed per day from five serves to seven serves.
8.4.6

Statistical analysis

All statistical analyses were performed using SAS (version 9.2; SAS Institute, Cary,
NC, USA). SF-36 scores for each of the domains were coded, summated and
transformed according to the SF-36 manual (Ware and Sherbourne, 1992). The
physical and component scores were calculated in accordance with previous factor
analysis and then normalised using the Australian population scores (Australian
Bureau of Statistics, 1997).
The mean SF-36 physical and mental component scores were calculated across a
range of the particpants’ socio-demographic and health factors. Differences in mean
SF-36 scores between groups were assessed by t-tests for two groups and ANOVA f
tests for multiple groups.

Tests for linear trend across quartiles of TDS were

calculated by taking the median of each TDS quartile as a continuous variable.
A stepwise regression model was developed to determine the subset of variables that
significantly affected either the physical or mental health component scores. The
final model included age, smoking status, marital status, income source, BMI,
hypertension, walking disability, angina, arthritis, having two or more disabilities
and self-rated health. Interactions were tested for all variables and food security
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status; only self-rated health remained significant as an interaction variable and was
included in the final model.
The eight SF-36 domains and two component scores were the dependent variables
with food security status (yes/no) and TDS scores (quartiles) selected as the
independent variables. Multivariate analysis of covariance (MANCOVA) was used
to compare the differences of the eight SF-36 domains between the two independent
variables. Differences for the two component scores, physical and mental health
were compared in a separate MANCOVA. Statistical significance of independent
variables was assessed by Wilks Lambda test as p<0.05. The MANCOVA results
were significant for each domain and summary score, therefore each SF-36 score was
analysed by a separate ANCOVA to determine adjusted mean differences between
food security status and across quartiles of TDS. Post hoc analyses of TDS were
adjusted for Tukey’s test for multiple comparisons to determine SF-36 adjusted mean
differences between the TDS quartiles.
To establish whether the group differences were meaningful, the effect size was
calculated by taking the difference between the SF-36 scores and dividing by the
Standard Deviation of the complete sample (Mean X1 – Mean X2)/SD (Yost et al.,
2005). For this study, the root mean square error (RMSE) was used as the standard
deviation from each individual ANCOVA SF-36 domain or component analysis.

8.5 Results
Only those participants with complete data for food security, diet quality and HRQoL
were included in the final analysis (n=2642), 75.3% of participants examined in the
BMES2 Cross Section. In this cohort, the mean physical component score (45.2)
was lower than the Australian norms (Mean 50, SD 10) as would be expected in an
older age group whilst the mental component score was similar to the Australian
norms (Table 8.1).
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Table 8.1 Participant characteristics according to the SF-36 summary scales
Characteristic

Physical
Component Score
Mean (SD)

Mental
Component Score
Mean (SD)
p value*

All n = 2636
45.2 (10.9)
Age
48.6 (10.1)
49 - 59 years
46.4 (10.1)
60 - 69 years
42.3 (11.0)
70 - 79 years
38.0 (11.2)
80+ years
Gender
Female
44.4 (11.3)
Male
46.2 (10.4)
Smoking status
Non smoker
45.2 (10.9)
Current smoker
44.8 (11.5)
Marital status
45.9 (10.6)
Currently married
45.2 (10.9)
Never married
45.6 (11.6)
Divorced/separated
41.7 (11.4)
Widowed
Housing tenure
Owns home
45.4 (10.8)
43.8 (12.6)
Rents home
Other
41.6 (11.9)
Qualification
Post high school qualification
45.7 (10.8)
High school education
44.0 (11.1)
Pension
43.3 (11.0)
Pension and other income
Other income only
47.3 (9.7)
Unknown source
49.9 (8.1)
Pension only
42.1 (11.7)
BMI
37.3 (13.4)
<18.5
46.4 (10.5)
≥18.5-<25
46.0 (10.5)
≥25 -<30
42.6 (11.4)
≥30
Self-rated health
47.6 (9.4)
Excellent/good
Fair/poor
35.0 (11.2)
Walking disability
No
46.2 (10.1)
Yes
29.7 (10.5)
Disabilities
48.8 (9.1)
Less than two disabilities
Two or more
40.9 (11.3)
* p value calculated from independent t-tests.
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p value*
52.0 (9.9)

<.0001

50.5 (10.4)
52.7 (9.5)
52.4 (9.5)
52.0 (10.8)

<.0001

<.0001

51.9 (10.0)
52.0 (9.8)

0.8239

0.5407

52.2 (9.8)
49.9 (10.8)

0.001

<.0001

52.6 (9.4)
51.7 (9.7)
49.3 (11.3)
51.6 (10.5)

<.0001

0.002

42.3 (9.7)
48.4 (11.5)
49.9 (12.1)

<.0001

0.0005

52.3 (9.4)
51.2 (10.5)

0.01

<.0001

52.1 (10.3)
53.4 (8.4)
51.9 (9.4)
51.1 (10.7)

0.0004

<.0001

48.5 (12.1)
51.5 (10.0)
52.4 (9.5)
51.6 (10.3)

0.0717

<.0001

53.3 (8.9)
46.2 (11.8)

<.0001

<.0001

52.1 (9.7)
49.8 (12.4)

0.017

<.0001

52.4 (9.5)
51.5 (10.3)

0.283

Mean SF-36 summary scores were compared across a range of socio demographic
and health factors and the results shown in Table 8.1. The greatest differences for
the physical component scores were seen when fair/poor self-rated health was
compared to excellent/good self-rated health (35.0 vs 47.6) and individuals classified
with a walking disability compared to those without a walking disability (29.7 vs
46.2). For the mental component scores, the most notable difference was for selfrated health (fair/poor 46.2 vs excellent/good 53.3). Mean scores were significantly
lower in both the physical component score and mental component score for the food
insecure group compared to the food secure group (41.7 vs 45.7 and 47.0 vs 52.7
respectively).
The mean SF-36 score differences by food security status for each domain of
HRQoL are clearly shown in Figure 8.1. Study participants who reported being food
secure followed a similar HRQoL pattern to the SF-36 normalized Australian scores
for age group 45 years and over (Australian Bureau of Statistics, 1997). However
two domains, role limitations due to physical problems and role limitations due to
mental problems, had notably greater differences to the food secure group than the
other domains.
To determine whether food insecurity was independent of diet quality, interaction
terms were calculated for all domains and components of HRQoL. No significant
interactions were found, implying the relationship between HRQoL and food
insecurity was not mediated by diet quality (data not shown). Therefore, adjusted
mean HRQoL scores were calculated for both food security and the Total Diet Score
with the TDS included in the food security model and vice versa. Differences in SF36 summary scores by food security status were stratified by TDS quartile and the
food insecure group had significantly lower mental but not physical component
scores across the quartiles of TDS (Table 8.2). In addition, all mental summary
scores for the food insecure group were below the Australian norms.
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Figure 8.1Unadjusted mean SF-36 scores for food secure and food insecure
compared to the Australian norms of adults aged 45 years and over
(Australian Bureau of Statistics, 1997)
(PF= Physical functioning; RP = Role limitations due to physical problems; BP =
Bodily pain; GH = General Health; VT = Vitality; SF = Social functioning; RE =
Role limitations due to emotional problems; MH = Mental Health)
The adjusted mean scores and differences between the food secure group and food
insecure group for all domains and component scores of the HRQoL are given in
Table 8.3. Participants who reported some level of food insecurity had significantly
lower HRQoL scores across all eight SF-36 domains and component scores (Table
8.3). The differences in effect size between the food secure group and food insecure
group for the eight SF-36 domains ranged from 0.24 to 0.57 (Table 8.4) suggesting
some potentially meaningful differences between the groups based on Cohen’s
guidelines for interpreting effect sizes (Cohen, 1992, Yost et al., 2005).
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Table 8.2 Mean SF-36 component scores according to quartiles of diet quality and food security status
Total Diet Score
Quartile 1 (n=659)

Quartile 2 (n=655)

Quartile 3 (n=656)

Quartile 4 (n=666)

p value

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

for trend**

Food secure

45.3 (11.0)

45.7 (10.4)

45.3 (10.8)

46.3 (10.4)

0.186

Food insecure

41.8 (12.7)

40.8 (12.7)

40.4 (11.9)

43.8 (11.5)

0.322

0.008

0.0003

0.0001

0.04

Food secure

51.4 (10.4)

52.3 (9.5)

53.7 (8.8)

53.3 (9.0)

<.0001

Food insecure

45.7 (11.3)

46.9 (10.8)

47.3 (11.4)

48.1 (12.0)

0.175

<.0001

<.0001

<.0001

<.0001

Physical component score

p value
Mental component score

p value
SD: Standard Deviation

*P value was the difference in SF-36 summary scales between the food secure group and food insecure group stratified by quartile of TDS
**P-value for trend based on the median of each TDS quartile as a continuous variable

127

Table 8.3 Adjusted mean SF-36 scores and differences between food secure and food insecure groups
Adjusted mean SF-36 scores*
Food secure
Food Insecure
Mean (SE)
Mean (SE)

Adjusted Mean
Difference*
(95% CIs)

P value‡

Effect Size†

47.0 (1.8)
31.1 (3.5)
50.9 (2.2)
49.9 (1.6)
44.5 (1.8)
63.3 (2.1)
51.2 (3.2)
69.6 (1.6)

6.4 (3.9, 9.0)
11.8 (6.8, 16.8)
7.8 (4.7, 10.9)
4.0 (1.6, 6.4)
5.5 (2.9, 8.1)
6.3 (3.3, 9.3)
18.0 (13.4, 22.6)
5.1 (2.8, 7.4)

<.0001
<.0001
<.0001
0.0009
<.0001
<.0001
<.0001
<.0001

0.36
0.34
0.36
0.24
0.31
0.30
0.57
0.32

34.1 (0.8)
45.7 (0.9)

2.4 (1.2, 3.5)
3.6 (2.3, 5.0)

<.0001
<.0001

0.29
0.39

SF-36 domains
Physical Functioning
Role Limit - Physical
Bodily Pain
General Health
Vitality
Social Functioning
Role Limit – Emotional
Mental Health
SF-36 component scores

53.4 (1.4)
43.0 (2.8)
58.7 (1.7)
53.9 (1.3)
49.9 (1.4)
69.7 (1.7)
69.2 (2.6)
74.7 (1.3)

Physical Component Score
36.5 (0.7)
Mental Component Score
49.3 (0.8)
RMES: Root Mean Square Error; SE: Standard Error
*

Adjusted for Total Diet Score, age group, gender, marital status, source of income, BMI, hypertension, walking disability, Angina, arthritis, two or

more health conditions and self-rated health. Food security and self-rated health significant interaction and included in the model.
†

Effect size calculated using RMSE ((X1 – X2)/RMSE)

‡

p value calculated from independent samples t-tests
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Table 8.4 Adjusted mean SF-36 scores across quartiles of TDS and adjusted mean differences between the highest and lowest quartiles of TDS
Adjusted Mean SF-36 Scoresa
Quartile 1

Quartile 2

Quartile 3

Quartile 4

P-value

Adjusted Mean
a

Effect
c

Mean (SE)

Mean (SE)

Mean (SE)

Mean (SE)

for trend

Difference (Q4-Q1)

P value

Sizeb

47.7 (1.6)
36.6 (3.1)
54.6 (1.9)
51.2 (1.5)
44.8 (1.6)
64.8 (1.9)
56.2 (2.9)
70.8 (1.4)

50.2 (1.6)
38.2 (3.2)
55.0 (2.0)
50.8 (1.5)
46.5 (1.6)
67.7 (1.9)
61.4 (2.9)
71.8 (1.5)

50.8 (1.6)
36.1 (3.1)
53.6 (1.9)
52.6 (1.5)
48.5 (1.6)
66.7 (1.9)
62.1 (2.8)
73.5 (1.4)

52.2 (1.6)
37.3 (3.2)
56.1 (2.0)
52.9 (1.5)
49.0 (1.6)
66.9 (1.9)
61.0 (2.9)
72.6 (1.5)

<.0001
0.936
0.426
0.04
<.0001
0.139
0.009
0.02

4.5 (1.7, 7.3)
0.7 (-4.7, 6.2)
1.5 (-1.8, 4.9)
1.8 (-0.8, 4.3)
4.1 (1.3, 7.0)
2.1 (-1.2, 5.4)
4.8 (-0.2, 9.8)
1.8 (-0.7, 4.3)

0.0002
0.987
0.645
0.306
0.0009
0.341
0.066
0.255

0.25
0.02
0.07
0.11
0.23
0.10
0.15
0.11

Physical component score
35.1 (0.7)
35.4 (0.8)
Mental component score
46.4 (0.8)
47.5 (0.8)
RMES: Root Mean Square Error; SD: Standard Error

34.9 (0.7)
48.4 (0.8)

35.9 (0.8)
47.8 (0.9)

0.2185
0.005

0.8 (-0.5, 2.1)
1.3 (-0.1, 2.8)

0.0.362
0.083

0.10
0.14

SF-36 domains
Physical Functioning
Role Limit - Physical
Bodily Pain
General Health
Vitality
Social Functioning
Role Limit – Emotional
Mental Health
SF-36 Summary Scores

a

Adjusted for Total Diet Score, age group, gender, marital status, source of income, BMI, hypertension, walking disability, Angina, arthritis, two or

more health conditions and self-rated health. Food security and self-rated health significant interaction and included in the model.
b

Effect size calculated using RMSE ((X1 – X2)/RMSE)

c

P-value after Tukey’s adjustment for multiple comparisons
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A trend for increasing HRQoL scores with increasing TDS quartile (lowest to highest
diet quality) was found for physical functioning, general health, vitality, role
limitations due to mental problems, mental health and the mental component score
(Table 8.4).

Although there was a significant trend for increasing mental and

physical health with increasing diet quality, the differences between quartiles were
small as confirmed by the small effect sizes (range 0.02 to 0.25).

8.6 Discussion
In this cohort of older adults, being food insecure and having a poor diet were
associated with worse HRQoL after adjusting for a range of socio-demographic and
health factors.
In Australia to date, the evidence of food insecurity has been based on a single item
assessing the ability to afford food. Temple (2006) reported that food insecure
Australians aged 55 and over were more likely to report feeling terrible, unhappy or
dissatisfied with their lives. Findings from The Older Person’s Health Survey in
New South Wales, Australia also found that both men and women who reported
running out of food were significantly more likely to report poor self-rated health
than excellent self-rated health (Quine and Morrell, 2006). Our study provides
further substantive evidence of a relationship between food insecurity and poorer
self-rated health status in older Australians.
Our results are based on data collected from a more comprehensive tool that
examines the broader context of food security covering psychological and qualitative
aspects relating to food intake as well as the ability to afford food. Using this tool
we found a higher proportion of older adults with some level of food insecurity
(13%) than has previously been reported in Australia using the single question (5%)
(Russell et al., 2014).

However, the findings in this study are consistent with

previous studies conducted in North America using a similar tool that found
declining physical and mental health was associated with worsening food insecurity
status (Keller et al., 2006, Pheley et al., 2002, Lee and Frongillo, 2001b, Stuff et al.,
2004, Tarasuk, 2001).
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In our cohort, food insecure participants had lower scores (indicating poorer health)
across the eight HRQoL domains when compared to the corresponding age SF-36
norms (Australian Bureau of Statistics, 1997).

An explanation for the greater

differences between the two role limitation domains (physical and emotional) could
be that these two domains are more applicable to older adults. These two domains
assess problems with daily activities due to physical health and emotional problems
respectively (Ware and Sherbourne, 1992). Poor physical functioning may be an
important limitation on older people’s ability to acquire or prepare appropriate foods.
Carrying, bending and shortness of breath have previously been suggested as
physical reasons for shopping difficulties (Wylie et al., 1999). In addition, UK older
adults participating in focus groups reported that accessibility, such as difficulty in
walking long distances and being unable to carry heavy shopping bags, was more
important than the cost of the food (Whelan et al., 2002). Burns et al (2010) also
reported older adults were more likely to have difficulty lifting or carrying groceries
compared to younger adults who were more likely to report lack of money to buy
food as impacting accessibility.
In this study no significant relationship was found between food security status and
diet quality, and the relationship between food security and HRQoL was independent
of diet quality. One other study also reported no significant relationship between
food insecurity and the HEI. The authors did report lower HEI scores for individual
components in food insecure adults aged over 18 years (Champagne et al., 2007).
However, previous research has shown that food insufficient older adults had lower
nutrient intakes (Lee and Frongillo, 2001b) and that being food insufficient could
lead to malnutrition both in terms of under and over nutrition. Our findings add to
the debate as to whether food security status is a predictor or outcome of poor health
and diet quality. Further research looking at the relationship between food security,
diet quality and HRQoL over time would provide a clearer understanding of the
pathways.
Effect sizes were also calculated for diet quality but the results were low and could
be classified as potentially meaningless, providing no evidence of an effect of diet
quality on HRQoL after multivariate adjustment. Two domains of HRQoL had
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significantly higher scores for those with the highest diet quality scores compared to
those with the lowest diet quality scores. This is consistent with previous findings
that closer adherence to the Mediterranean diet was associated with better mental and
physical health (Munoz et al., 2009). Results from the SUN project, a group of
university graduates, suggested that adhering to the Mediterranean diet over a four
year follow up was associated with both better physical and mental health and more
strongly for the former (Henriquez-Sanchez et al., 2012). Similar to our findings,
significant differences between highest and lowest diet quality scores were only
significant for physical functioning, general health and vitality.
The strengths of this study include a large population based sample with a high
response rate, as well as detailed data collection, which enhanced the multivariate
analysis.

In addition, use of the Radimer/Cornell 12-item tool provided more

detailed information about food insecurity within an older Australian population than
currently available in other Australian datasets.

Our findings highlight the

importance of using a range of questions to determine food insecurity status.
However, the questions asked continue to be based on economic resources to acquire
food. Our findings suggest that specific characteristics of food insecurity associated
with older adults, such as physical limitations and increasing number of chronic
diseases, should be incorporated into a food insecurity tool for older populations.
One limitation of the study was the exclusion of those who had incomplete data on
diet quality or food security. We examined the differences in those with and without
data and found that those with missing data could potentially be at greater risk of
food insecurity, as there was a higher proportion of smokers, people living alone on a
pension, widowed, classified as obese, having a walking disability, as well as people
with poorer health. These factors were previously found to be associated with food
insecurity in this cohort (Russell et al., 2014). In these circumstances, it could be
suggested that the relationship between both food insecurity and poor diet quality
and worse HRQoL may be greater than reported here.
The data were cross-sectional; therefore it was not possible to determine causal
pathways between food insecurity and/or diet quality and HRQoL.
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Indeed the

reverse may also be true, in that older adults with poorer HRQoL are more likely to
become food insecure or have poorer dietary intakes, as hypothesised by Campbell
(Campbell, 1991).

8.7 Conclusion
The significant association between food insecurity and poorer HRQoL found in this
study provides further evidence that food insecurity is an important risk factor in
older adults. The findings from this study provide some of the first insights into the
relationship between perceived health status with both food security and diet quality,
highlighting the need for further research into this area.
In addition, the findings of this study suggest that services with an aim to reduce
food insecurity are required to reduce the risk of physical health decline and to
improve mental and social support for this age group. If food insecurity can be
reduced in this population, then improvements in diet quality may occur. However,
further research into how different elements of food insecurity affect diet quality in
this population is also required, particularly as many of the older population suffer
from reduced mobility or functional limitations.
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9 CONCLUSIONS

9.1 Introduction
The series of studies in this thesis have provided important new contributions to the
need to effectively measure and monitor both food security and diet quality in older
adults with the aim of preventing poor health outcomes. This chapter provides an
overall summary of the findings from the five studies undertaken. It goes on to
discuss how the studies have addressed the thesis objectives and provides
recommendations for future research and public health interventions. The strengths
and limitations above and beyond the ones mentioned in the individual chapters are
also discussed. Finally, a conclusion is provided for the overall thesis followed by
recommendations for future research.

9.2 Summary
With the Australian older adult age group increasing at a faster rate than any other
age group, it is essential to ensure that this population are able to remain living in the
community with the best possible health. Diet is one modifiable lifestyle factor that
is known to mitigate the risk of developing debilitating chronic diseases. However,
in order to improve diet quality it is necessary to know whether people have access to
safe and nutritious food. This thesis has provided new insights into the food security
status of older adults using a tool that included questions on the anxiety about
acquiring food, the quality and quantity of food available. At the time of data
collection this tool had not previously been used in Australia and provides valuable
evidence for public health advocacy. In addition, a novel diet quality tool, developed
specifically to assess adherence to the Australian dietary guidelines in older adults,
was examined in the same cohort that permitted investigation into the role of diet
quality on the risk of mortality.
Chapter four addressed the first objective of this thesis by highlighting the lack of
awareness of food insecurity in Australia compared to other economically developed
countries, especially in terms of monitoring and measurement tools.

Higher

prevalence of food insecurity in older adults than previously reported reinforces the
message that food insecurity is seriously underestimated in Australia and that it is
important to assess a range of aspects for achieving access to food. The range of
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characteristics associated with food insecurity identifies areas for public health
practitioners to intervene.

In particular the higher risk of food insecurity in

individuals aged less than 70 years is a concern because this group will require more
services in later years or may have to move into aged care facilities earlier. These
factors are consistent with previous findings highlighting the sub populations to
target to ensure these groups can live a long and healthy life.
The unique results from chapter five that address objective two provide valuable
evidence about the impact of food insecurity over time. It was determined that
individuals living on a pension only, being divorced/separated or having a BMI
greater than 30 had higher odds of remaining food insecure over time. Being female
increased the odds of remaining food insecure over time however after adjustment
the finding was no longer significant. This may be explained by the high dropout
rate of men at 10 years, especially food insecure men. Although changes over time
were found, the findings were limited as they were influenced by the considerable
loss to follow up. However, this study is important because it demonstrates the need
for further investigation into the methods required to measure food insecurity and
also highlights the problems of collecting longitudinal data in older adults because of
loss to follow up.
For diet quality, a new diet quality tool (TDS) was developed, refined and recoded to
ensure that it met the Australian Dietary Guidelines at the time. This is an important
tool that should not be considered as just another version of previous indices. The
TDS differs from other diet quality indices in two key ways; firstly because all
components were given equal weighting with no component regarded as having
greater significance in the diet as suggested in the DGAA (National Health and
Medical Research Council, 2003).

Secondly, we incorporated the non-dietary

component, preventing weight gain, by including a combined score for energy
balance and physical activity. These aspects have rarely been included in previous
diet quality indices. Objective four was considered in chapter six and is the first
known study to assess the relationship between adherence to dietary guidelines and
risk of mortality in any population in Australia. The findings add to the evidence
from the US that the risk of all-cause mortality is increased with poorer diet quality.
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In order for the TDS to be seen as a credible tool, and to satisfy objective five, a
validation study was conducted as described in chapter seven. The TDS was found
to have good correlation and agreement between the two dietary assessment methods
as well as significant associations with biomarkers. However, with the launch of the
2013 Australian Dietary Guidelines, the tool will need to be adapted to reflect the
changes and further validation will be required. The TDS was specifically targeted
to older adults with recommended serving sizes of food intakes for this age group.
However, it can now be adapted for use in other age groups by adjusting the
recommended serving sizes to the respective age groups.
In the final chapter (chapter eight) of manuscripts, the relationships between food
insecurity status, diet quality and quality of life were investigated together. Lower
quality of life scores (worse health) were reported in food insecure individuals. This
finding has important consequences because previous evidence has found that
HRQoL is a good predictor of mortality in older adults. Could assessment of food
security using an appropriate tool be a method for determining at risk populations?
An interesting finding was the lack of a relationship between food security and diet
quality. One explanation could be the food security measurement tool, although
more comprehensive, still has an economic focus with no questions relating to
physical access. It is proposed that physical limitations are as important as economic
limitations for older adults to acquire and prepare recommended foods for a healthy
diet.
As a conclusion, this thesis provides important background and impetus for further
research into developing or adapting appropriate food security tools that include the
measurement of physical access to food.

9.3 Significance of the findings
The finding that 13% of the BMES cohort reported some level of food insecurity
equates to approximately to 1 in 8 Australian adults aged 49 years and over
potentially being unable to access a safe and nutritious diet. This, in addition to the
3% remaining food insecure over time, implies that food insecurity is a significant
issue that needs to be addressed at both the state and national level. The evidence
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provides support for regular monitoring and measurement of food insecurity to be
included as a priority in Australia’s proposed National Food Plan, a framework for
the future of Australia’s food system (DAFF, 2013).
This research provides new evidence of food insecurity status and diet quality in
older Australians as well as suggesting potential links between the two entities as
shown in the framework (Figure 2.2); however, the findings have also raised further
concerns about the need to investigate other aspects of food insecurity, in particular
the physical ability to acquire food.

Sub populations such as individuals with

physical limitations or disabilities, (including older adults) may not be considered at
risk of food insecurity and miss out on opportunities for assistance unless this is
appropriately assessed across these sub-populations. Recommendations for further
research are presented in Section 9.5 which would provide further insight into
relationships between food security and diet quality to improve health outcomes.
An important finding that diet quality was low in this cohort emphasises the need for
ongoing efforts to improve diets whilst taking into account the ability to access food.
The association between food insecurity and poorer quality of life should be
highlighted because of the previous evidence that poor quality of life is a predictor of
mortality in older adults. Measuring quality of life rather than individual chronic
diseases is more valuable in older adults as it encompasses a greater range of health
including physical, mental, social and emotional characteristics. Although the focus
of this thesis was on older adults, ensuring food security and good diet quality in
younger age groups is vital as these people will become the rapidly growing older
adult population in the future and good health outcomes are imperative in order to
remain living longer independently and disease free.
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9.4 Strengths and Limitations
9.4.1

Strengths

The strength of this thesis is the analysis of a comprehensive food security tool that
has not previously been used in an older Australian population. This measurement
tool included more aspects of the food security definition than just the ability to
afford food. A further strength was the availability of comprehensive data collected
as part of the Blue Mountains Eye Study; the strengths of this population based
cohort have been discussed in detail in chapters four to eight.

9.4.2

Limitations

The limitations relevant to each study have been discussed within the respective
chapters. Some general limitations are considered here.
One limitation was the inclusion of the food security survey in the first and third
follow up visits only (BMES2 and BMES4). Therefore it was difficult to determine
true changes in food security status and diet quality over the same ten year period
due to the high attrition rate at BMES4. However, it highlights the opportunity for
further research into the development of appropriate tools that not only address
affordability, quality and quantity of food but also frequency and duration of food
insecurity in this population. In addition, the food security survey was a combination
of two sets of questions which have been validated separately in previous studies,
however, validation of the BMES food security survey is required to ensure that any
degree of measurement bias is understood and discussed.
The high attrition rate at BMES4 is another limitation as it affects the generalisability
of the results to the general Australian population. However complex analysis to
manage loss to follow up was beyond the scope of this thesis on the advice of a
consultant statistician as all data analysis was conducted by the author.
Another limitation was the use of secondary data analysis. The Blue Mountains Eye
Study’s primary focus was on eye diseases and therefore some potential covariates
related to food insecurity had limited information such as income.
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Another

limitation was self-reported information provided by participants, including food
security status and dietary intake which could have led to recall bias. Although
participants attended clinic visits where a number of measurements were taken, such
as height and weight, the visits were focused on clinical eye examinations. Therefore
many health conditions were self-reported, with only some conditions assessed via
medical records. However, the mortality data derived from the Australian National
Death Index was linked to BMES participants and provides highly credible data.
The data analysed in this thesis were taken from three separate datasets, BMES1,
BMES2 cross section and survivors who had complete food security data at both
BMES2 and BMES4. This may affect the overall generalisability of the results to
both BMES participants not included in the analysis and the general Australian older
adult population. Previous published BMES studies have suggested that the results
are generalisable to Australian older adults as discussed in Chapter 3.2.3. Therefore
the results from Chapter four and Chapters six to eight are representative of the older
adult population. Participants included in the analysis of changes over time (Chapter
five) may not be representative of the original BMES cohort and therefore not
generalisable further.

However, as a descriptive study and one of the first

longitudinal studies undertaken in Australia, it identifies the need for continued
innovative research into this area.

9.5 Conclusion
This thesis provides significant evidence relating to the need for national monitoring
of food security in Australia using a comprehensive tool such as the one investigated
herein, because food insecurity is currently underestimated.
The results from the Blue Mountains Eye Study Cross Section (chapters four and
eight) highlight the socio demographic and health factors associated with food
insecurity. They indicate a number of non-food related factors should be targeted to
improve food security status and potentially lead to improved diet quality. Diet
quality was low in this cohort and poorer diet quality was related to increased risk of
mortality (chapter six). Poorer quality of life was also associated with poorer diet
quality as well as food insecurity, although no relationship existed between food
insecurity and diet quality (chapter eight). To improve the health of older adults,
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closer adherence to recommended dietary guidelines is required. However, before
policies and interventions are developed, evidence of both economic and physical
access to safe and nutritious food must be established.

9.6 Recommendations for future research
Having addressed each objective in detail in the respective chapters, a number of
recommendations for further research into relationships between food security, diet
quality and health in older adults have been raised. These are:


Frequent and regular monitoring and measurement of food security status in
Australia is required to ensure that the issues surrounding food insecurity are
addressed in policy development at both the federal and state level. This should
be based on a number of questions that address a range of aspects related to food
insecurity rather than the commonly used single item.
Results from this thesis have shown that a 10 year gap in monitoring is too large
for determining changes in food security status especially for those who may
suffer transitory rather than chronic food insecurity.

Providing regular

monitoring will help to understand trends in food security status and allow
required action to be taken.


Further research should involve the development of questions to measure
physical access to food that can be used in conjunction with other food security
questions.
This is particularly relevant to older adults and individuals with functional
limitations who have differing food security issues to younger populations.
Differences in age populations need to be considered when considering food
security status, as this study clearly demonstrates that one size does not fit all.



Household and individual food security is closely aligned with availability of
food in the local environment.
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The costs of recommended foods may be prohibitively expensive for some older
adults. Research that combines knowledge about the cost of food in a locality
with a comprehensive food security survey of local residents is essential to
understand the connection between food security status and diet quality.


In 2013, the National Health and Medical Research Council launched new
dietary guidelines for the Australian population. The Total Diet Score requires
modification, prior to use in further research, to meet the updated dietary
guidelines. Following modification, the TDS may be useful to investigate diet
quality in other Australian age groups.



Further investigation to examine whether a food security survey could be a useful
screening tool to identify individuals in the early years of retirement who are at
greater risk of poor health outcomes.
Results could be used by aged care service providers to support the home-based
services which enable older adults to effectively manage or reduce their risk of
developing chronic health conditions and remain living independently in the
community for longer. In the longer term, this would potentially result in lower
costs of healthcare to both individuals and the government.
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The Greater Blue Mountains and surrounding area (map by CP).
http://www.bmbirding.com.au/
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Approximate postcode areas for recruitment into the Blue Mountains Eye
Study
167

APPENDIX B: Data use approval letter

168

APPENDIX C: Food security survey

170

Q. 39 Here are a series of statements that people have made about their food situation. Please circle one response to each
question, indicating whether the statement is often true, sometimes tue or never true for your household or the individuals
in your household.
A.

I worry whether my food will run out before I get money to buy more.

1.

often true

B.

I worry about whether the food that I can afford to buy for my household will be enough.

1.

often true

C.

The food that I bought just didn’t last, and I didn’t have money to get more.

1.

often true

D.

I ran out of foods that I needed to put together a meal and I didn’t have money to get more food.

1.

often true

E.

We eat the same thing for several days in a row because we only have a few different kinds on hand and don’t have money

2.
2.
2.
2.

sometimes true
sometimes true
sometimes true
sometimes true

3.
3.
3.
3.

never true
never true
never true
never true

to buy more.
1.

often true

2.

F.

I am often hungry, but I don’t eat because I can’t afford food.

1.

often true

2.

sometimes true
sometimes true

3.
3.

never true
never true
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G.

I eat less that I think I should because I don’t have enough money for food.

1.

often true

H.

I can’t afford to eat properly.

1.

often true

I.

Sometime people lose weight because they don’t have enough to eat. In the past year, did you lose weight because there wasn’t

2.
2.

sometimes true
sometimes true

3.

never true

3.

never true

enough food?
1.

often true

2.

J.

In the past year, have you had hunger pangs but couldn’t eat because you couldn’t afford food?

1.

often true

K.

In the last 12 months, were there times that your household ran out of food and there wasn’t money to buy any more food?

1.

often true

L.

In the last 12 months, has anyone if your household eaten less than they should because you couldn’t afford enough food?

1.

often true

2.
2.
2.

sometimes true
sometimes true
sometimes true
sometimes true

3.
3.
3.
3.

never true
never true
never true
never true

Thank you for your co-operation
We really appreciate the effort you have put into completing this questionnaire
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Food item

TDS component

TDS subscore
code

Vegetables
Tomatoes

1

1.10

Mushrooms

1

1.10

Avocado

1

1.10

Dishes where vegetable a major component

1

1.10

Leaf and stalk

1

1.11

Peas and beans

1

1.11

Orange vegetables

1

1.12

Sweet corn

1

1.12

Brassica

1

1.13

Low fat potatoes

1

1.14

Spring onion, shallots

1

1.14

1/3

1.15 / 3.1

9

N/A

Citrus

1

1.2

Tropical

1

1.2

Orchard fruit

1

1.2

Berry fruit

1

1.2

Stone fruit

1

1.2

Dried fruit

1

1.2

Canned fruit

1

1.2

Other fruit

1

1.2

Cold breakfast cereal

2

2.1

White bread

2

2.1

White rice

2

2.1

Pasta

2

2.1

Fruit bread

2

2.1

Legumes
High fat potatoes, eg. Hot chips
Fruit

Cereal and cereal products
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Food item

TDS component

TDS subscore
code

Cooked oatmeal

2

2.2

Wholemeal/mixed grain bread

2

2.2

Brown rice

2

2.2

3

3.1

Organ meat eg. Liver

3

3.1

Moderately-lean red meat cuts and dishes

3

3.2

9.0

N/A

9.0

N/A

Chicken with or without skin

3

3.1

Game meat

3

3.1

Eggs,

3

3.1

Seafood

3/5

3.1 / 5.1

Canned fish eg Tuna, salmon and sardines

3/5

3.1 / 5.1

Other fish (fried, baked)

3/5

3.1/5.1

Fish and seafood products, eg Fish fingers, fish

3/5

3.1/5.1

High fat milk

4

4.1

Reduced fat dairy desserts

4

4.1

Low and high fat cheese

4

4.1

Reduced fat milk

4

4.2

Red meat
Medium fat red meat cuts and dishes
(partly trimmed beef/pork/lamb)

(trimmed beef/pork/lamb)
High fat red meat cuts and dishes
(untrimmed beef/pork/lamb)
Processed meat
Poultry

including boiled, poached, fried, scrambled
eggs or omelettes
Fish

cake, fish stick, Fish paste or fish roe
Dairy products

eg yoghurt or custard
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Food item

TDS component

High fat dairy dessert

TDS subscore
code

9

N/A

9

N/A

9

N/A

Coke, Pepsi, other cola or other soft drinks

9

N/A

Cordials

9

N/A

7/9

N/A

9

N/A

Sugar added to food and drink

8

N/A

Jam, marmalade, syrup or honey

9

N/A

Snack foods eg potato chips

9

N/A

Savoury sauces eg. salad dressings

9

N/A

eg cream, ice cream, pastry, pavlova or
cheesecake
Fats including margarine and butter
Cereal-based products and dishes
Includes:

Cake,

sweet

rolls/buns,

sweet

biscuits, pizza, tart or pie and hamburger
Non-alcoholic beverages

Alcoholic beverages
Beer, wine or spirits
Confectionary eg chocolate and lollies
Sugar products and dishes
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Table 1 Sensitivity analyses:

Total Diet Score (TDS) excluding individual

components to determine the effect of single components on the risk of all-cause
mortality by quintile of TDS
Hazard Risk Ratios by TDS
TDS Component

TDS

excluded

Quintile

Subjects

Deaths

n

n (%)

quintile
HRR

95%CI

trend

Reference

Q1

477

194 (41)

1.0 ref

Includes all

Q2

484

180 (37)

0.92

0.75, 1.13

components

Q3

503

179 (36)

0.95

0.78, 1.17

Q4

509

162 (32)

0.90

0.73, 1.11

Q5

517

153 (30)

0.79

0.63, 0.98

Q1

486

197 (41)

1.0 ref

vegetables,

Q2

429

154 (36)

0.84

0.68, 1.05

legumes and fruit

Q3

568

199 (35)

0.96

0.80, 1.18

Q4

497

174 (35)

0.90

0.73, 1.10

Q5

510

143 (28)

0.78

0.62, 0.97

Q1

478

192 (40)

1.0 ref

cereals, preferably

Q2

486

184 (38)

0.97

0.79, 1.19

wholegrain/meal

Q3

489

177 (36)

1.0

0.81, 1.23

Q4

516

158 (31)

0.86

0.69, 1.06

Q5

521

157 (30)

0.82

0.66, 1.02

Q1

472

189 (40)

1.0 ref

meats, fish,

Q2

482

183 (38)

0.96

0.78, 1.18

poultry and/ or

Q3

513

184 (36)

1.0

0.82, 1.24

alternatives

Q4

508

162 (32)

0.94

0.76, 1.17

Q5

515

150 (29)

0.83

0.66, 1.03

1. Eat plenty of

2. Eat plenty of

3. Include lean
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P for
0.04

0.06

0.04

0.1

Hazard Risk Ratios by TDS
TDS Component

TDS

excluded

Quintile

quintile

Subjects

Deaths

n

n (%)

Q1

484

192 (40)

1.0 ref

yoghurts, cheese

Q2

479

172 (36)

0.88

0.72, 1.08

and/or alternatives

Q3

501

182 (36)

1.02

0.83, 1.25

Q4

505

164 (32)

0.89

0.72, 1.10

Q5

521

158 (30)

0.79

0.63, 0.98

5. Limit saturated fat

Q1

474

187 (39)

1.0 ref

and moderate total

Q2

485

191 (39)

1.12

0.91, 1.37

fat intake

Q3

507

168 (33)

1.00

0.81, 1.24

Q4

504

168 (33)

0.95

0.77, 1.18

Q5

520

154 (30)

0.82

0.66, 1.03

Q1

474

194 (41)

1.0 ref

Q2

487

177 (36)

0.85

0.70, 1.05

Q3

494

168 (34)

0.84

0.68, 1.04

Q4

519

182 (35)

0.91

0.74, 1.12

Q5

516

147 (28)

0.73

0.59, 0.91

Q1

474

198 (42)

1.0 ref

intake if you

Q2

478

177 (37)

0.87

0.71, 1.07

choose to drink

Q3

507

173 (34)

0.84

0.68, 1.04

Q4

515

176 (34)

0.88

0.71, 1.08

Q5

516

144 (28)

0.74

0.60, 0.93

Q1

479

189 (39)

1.0 ref

moderate amounts

Q2

488

193 (40)

1.02

0.83, 1.26

of sugars and

Q3

486

165 (34)

0.82

0.66, 1.02

4. Include milk,

6. Choose foods low
in salt

7. Limit alcohol

8. Consume only
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HRR

95%CI

P for
trend
0.05

0.03

0.02

0.02

0.05

Hazard Risk Ratios by TDS
TDS Component

TDS

excluded

Quintile

Subjects

Deaths

n

n (%)

quintile
HRR

95%CI

trend

foods with added

Q4

522

160 (31)

0.84

0.68, 1.05

sugars

Q5

515

161 (31)

0.85

0.68, 1.06

9. Extra foods, not

Q1

476

185 (39)

1.0 ref

essential to

Q2

481

181 (38)

1.01

0.82, 1.25

provide nutrients

Q3

500

180 (36)

0.96

0.78, 1.19

and may be high

Q4

514

173 (34)

0.98

0.79, 1.22

in salt, fat or sugar

Q5

519

149 (29)

0.82

0.66, 1.03

Q1

484

187 (39)

1.0 ref

gain: be

Q2

484

192 (40)

0.93

0.76, 1.14

physically active

Q3

509

166 (33)

0.84

0.68, 1.04

and eat according

Q4

508

171 (34)

0.89

0.72, 1.10

to energy needs

Q5

505

152 (30)

0.78

0.62, 0.98

10. Prevent weight

0.10

0.03

† Adjusted for age, smoking BMI (low, high), education, dietary supplement use, self
reported poor health, hypertension, diabetes, AMI, stroke, cancer, WBC and walking
disability
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P for

Table 2 Sensitivity analyses:

Total Diet Score (TDS) excluding individual

components to determine the effect of single components on the risk of
cardiovascular mortality by quintile of TDS
Hazard Risk Ratios by TDS
TDS Component

TDS

Subjects

Deaths

excluded

Quintile

n

n (%)

quintile
HRR

95%CI

P for
trend

Reference

Q1

477

95 (20)

1.0 ref

Includes all TDS

Q2

484

94 (20)

0.92

0.69, 1.23

components

Q3

502

100 (20)

1.05

0.79, 1.40

Q4

509

85 (17)

0.92

0.68, 1.25

Q5

517

79 (15)

0.77

0.57, 1.05

Q1

486

98 (20)

1.0 ref

vegetables,

Q2

429

84 (20)

0.92

0.69, 1.23

legumes and fruit

Q3

568

104 (20)

1.05

0.79, 1.40

Q4

497

96 (17)

0.92

0.68, 1.25

Q5

510

71 (15)

0.77

0.57, 1.05

Q1

478

98 (21)

1.0 ref

cereals, preferably

Q2

486

96 (20)

0.93

0.70, 1.24

wholegrain/meal

Q3

489

100 (20)

1.05

0.79, 1.39

Q4

516

79 (15)

0.80

0.59, 1.08

Q5

521

80 (15)

0.75

0.55, 1.02

Q1

472

97 (21)

1.0 ref

meats, fish,

Q2

482

92 (19)

0.87

0.65, 1.17

poultry and/ or

Q3

513

100 (19)

1.03

0.77, 1.37

alternatives

Q4

508

82 (16)

0.87

0.64, 1.18

Q5

515

82 (16)

0.81

0.59, 1.10

1. Eat plenty of

2. Eat plenty of

3. Include lean
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0.1

0.09

0.04

0.2

Hazard Risk Ratios by TDS
TDS Component

TDS

Subjects

Deaths

excluded

Quintile

n

n (%)

quintile
HRR

95%CI

P for
trend

4. Include milk,

Q1

484

99 (20)

1.0 ref

yoghurts, cheese

Q2

479

89 (19)

0.84

0.63, 1.12

and/or alternatives

Q3

501

97 (19)

1.03

0.77, 1.37

Q4

505

86 (17)

0.87

0.65, 1.17

Q5

521

82 (16)

0.74

0.55, 1.00

5. Limit saturated fat

Q1

474

94 (20)

1.0 ref

and moderate total

Q2

485

98 (20)

1.07

0.80, 1.43

fat intake

Q3

507

96 (19)

1.10

0.82, 1.47

Q4

504

87 (17)

0.94

0.69, 1.26

Q5

520

78 (15)

0.77

0.57, 1.05

Q1

474

91 (19)

1.0 ref

Q2

487

98 (20)

0.97

0.73, 1.29

Q3

494

88 (18)

0.87

0.64, 1.17

Q4

519

109 (21)

1.06

0.79, 1.41

Q5

516

67 (13)

0.65

0.47, 0.91

Q1

474

99 (21)

1.0 ref

intake if you

Q2

478

101 (21)

0.93

0.70, 1.23

choose to drink

Q3

507

87 (17)

0.81

0.60, 1.09

Q4

515

95 (18)

0.86

0.64, 1.15

Q5

516

71 (14)

0.68

0.50, 0.93

Q1

479

95 (20)

1.0 ref

moderate amounts

Q2

488

98 (20)

0.98

0.74, 1.31

of sugars and

Q3

486

90 (19)

0.82

0.61, 1.10

6. Choose foods low
in salt

7. Limit alcohol

8. Consume only
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0.09

0.07

0.03

0.01

0.1

Hazard Risk Ratios by TDS
TDS Component

TDS

Subjects

Deaths

excluded

Quintile

n

n (%)

quintile
HRR

95%CI

P for
trend

foods with added

Q4

522

86 (16)

0.83

0.62, 1.13

sugars

Q5

515

84 (16)

0.81

0.59, 1.10

9. Extra foods, not

Q1

476

93 (20)

1.0 ref

essential to

Q2

481

86 (18)

0.94

0.70, 1.26

provide nutrients

Q3

500

105 (21)

1.03

0.77, 1.36

and may be high

Q4

514

98 (19)

1.07

0.80, 1.43

in salt, fat or sugar

Q5

519

71 (14)

0.73

0.53, 1.01

Q1

484

90 (19)

1.0 ref

gain: be

Q2

484

111 (23)

1.07

0.81, 1.42

physically active

Q3

509

81 (16)

0.79

0.58, 1.07

and eat according

Q4

508

97 (19)

1.00

0.75, 1.35

to energy needs

Q5

505

74 (15)

0.71

0.52, 0.98

10. Prevent weight

0.2

0.04

† Adjusted for age, smoking BMI (low, high), education, dietary supplement use, self
reported poor health, hypertension, diabetes, AMI, stroke, cancer, WBC and walking
disability
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Abstract
Past investigation of diet in relation to disease or mortality has tended to focus on individual nutrients. However, there has been a recent
shift to now focus on overall patterns of food intake. The present study aims to investigate the relationship between diet quality reflecting adherence to dietary guidelines and mortality in a sample of older Australians, and to report on the relationship between core food
groups and diet quality. This was a population-based cohort study of persons aged 49 years or older at baseline, living in two postcode
areas west of Sydney, Australia. Baseline dietary data were collected during 1992– 4, from 2897 people using a 145-item Willett-derived
FFQ. A modified version of the Healthy Eating Index for Australians was developed to determine diet quality scores. The Australian
National Death Index provided 15-year mortality data using multiple data linkage steps. Hazard risk (HR) ratios and 95 % CI for mortality
were assessed for diet quality. Subjects in quintile 5 (highest) of the Total Diet Score had a 21 % reduced risk of all-cause mortality (HR
0·79, 95 % CI 0·63, 0·98, Ptrend ¼ 0·04) compared with those in quintile 1 (lowest) after multivariate adjustment. The present study provides longitudinal support for a reduced risk of all-cause mortality in an older population who have greater compliance with published
dietary guidelines.
Key words: Total Diet Score: Mortality: Older adults

In the past, research has focused on examining the
relationship of individual nutrients to total and cause-specific
mortality. There is a need, however, to examine total diet, as
nutrients are not consumed independently but together
within a variety of foods in the diet. In recent years, research
into the relationship between overall diet quality and the
risk of mortality or of developing chronic disease has
expanded(1 – 6). There have been two frequent approaches
used to measure diet quality, one that uses statistical methods
such as cluster analysis, factor analysis or principal component
analysis to derive dietary patterns from collected data giving
an indication of eating behaviours(5,7 – 10). The alternative
approach group foods ‘a priori’ that are representative of
current nutrition knowledge in the form of dietary guidelines
or other dietary recommendations(11,12). This may be a more
useful tool in public health practice to assess a population’s
adherence to current dietary guidelines based on empirical
evidence.

Based on the latter approach, a number of diet quality indices have already been developed based on dietary guidelines
including the Diet Quality Index(13), Healthy Eating Index(14)
and Dietary Guidelines Index(15). In Australia, one study has
shown overall improvement in diet quality over time and
cross-sectional findings have reported that higher diet quality
scores were inversely associated with prevalent diabetes in
men and pre-diabetes in women(16). However, no studies
have assessed the effect of diet quality, in terms of adhering
to dietary guidelines, on mortality or morbidity over time.
Nor have any known studies addressed diet quality in an
older adult population.
To investigate the longitudinal effect of dietary guideline
adherence and all-cause mortality in a cohort of older Australians, we developed a tool modelled on both Australian and
US diet quality indices(17,18). The objectives of the present
study were, first, to investigate diet quality, defined as adherence to the Dietary Guidelines for Australian Adults (DGAA) at

Abbreviations: AGHE, Australian Guide to Healthy Eating; BMES, Blue Mountains Eye Study; DGAA, Dietary Guidelines for Australian Adults; HR, hazard
risk; MET.min, metabolic equivalents.min; TDS, Total Diet Score.
* Corresponding author: Dr V. Flood, fax þ61 2 4221 3486, email vflood@uow.edu.au
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baseline and report its relationship to core food groups
among older adults living in the Blue Mountains region of
Australia. The second objective was to identify the relationship
between diet quality and mortality risk after 15 years followup of this cohort.

Methods

British Journal of Nutrition

Study used
The data used for this analysis were collected as part of
the Blue Mountains Eye Study (BMES). Full details of the
study design have been reported previously(19,20). Briefly,
the BMES is a population-based cohort study of vision and
common eye diseases in residents aged 49 years or older
living in a two-postcode region, west of Sydney, Australia.
Baseline data were collected from 1992 to 1994 (BMES1)
with follow-up conducted at 5-year intervals (1997– 9, 2002–
4 and 2007– 9). BMES1 baseline examinations included 3654
subjects aged 49 – 97 years. Mortality data were obtained
from the Australian National Death Index by matching with
BMES1 subjects up until December 2007. The study followed
the recommendations of the Declaration of Helsinki and
was approved by the University of Sydney and Sydney West
Area Health Service Human Research Ethics Committees. All
subjects provided written informed consent.

Dietary assessment
The semi-quantitative FFQ included 145 items and was
adapted for the Australian diet from a Willett FFQ(19). Subjects
used a nine-category frequency scale, ranging from never to
four times per d, to indicate usual consumption of particular
food items during the past year. The FFQ was attempted
and returned by 3267 participants (82·4 % response); of
these FFQ, 2897 were available for analysis (79·3 % of subjects
examined). Participants were excluded if their FFQ had more
than twelve FFQ items missing, had energy intakes ,2500 kJ
or . 18 000 kJ, or had implausible records in the upper or
lower 2 % of the distribution after the nutrient data had been
re-examined.
The FFQ was validated by comparing nutrients from the
FFQ with three 4 d weighed food records collected over 1
year (n 79). Most nutrient correlations were between 0·50
and 0·60 for energy-adjusted intakes, similar to other validated
FFQ studies(19,21). The Australian Tables of Food Composition
were used to estimate nutrient intakes, and data were entered
and analysed using NUTTAB90 and a purpose-built software
analysis system(21).

Total Diet Score development
A modified version of the Australian diet quality index(17),
based on the DGAA(22) and the Australian Guide to Healthy
Eating (AGHE)(23), was used to establish the Total Diet
Score (TDS), assessing adherence to the Australian dietary
guidelines. Our version closely follows the US 2005 Dietary
Guidelines Adherence Index which takes account of changes

to the 2005 American Dietary Guidelines that has a focus on
overconsumption and energy density(18), issues also applicable to the Australian population. TDS were allocated for
intake of selected food groups and nutrients for each participant as described in the DGAA (for details on FFQ food
groupings, see Supplementary material 1, available online).
The TDS is divided into ten components, and each component
has a possible score ranging from 0 to 2 (Fig. 1). A maximum
score of 2 was given to subjects who met the recommendations with prorated scores for lower intakes. These were
then summed, providing a final score ranging between 0
and 20, with higher scores indicating closer adherence to
the dietary guidelines.
The TDS account for both food intake and optimal choice,
with scores allocated to reflect intake characteristics from
both sources. Food intake scores were based on total intakes
of vegetables, fruit, cereals and breads, meat, fish, poultry
and/or alternatives and dairy as well as Na, alcohol, sugar
and extra food intakes. Optimal choice scores determined
intakes of foods with greater dietary benefits including
serves of whole-grain cereals, lean red meat, low- or
reduced-fat milk v. whole milk, low saturated fat intake and
fish consumption. Cut points for scores were determined
from the recommended number of serves given in the
AGHE with some exceptions(23). We replaced the AGHE’s
recommended two serves per d of fruit with three serves
per d and the number of vegetables consumed per d from
five serves to seven serves to allow for self-reported FFQ
overestimation as determined by the validity study(19). The
alcohol cut points reflect the guidelines about alcohol
consumption in Australia (DGAA), in which it is recommended, when alcohol is consumed, that men consume
a maximum of two standard drinks per d and women one
standard drink per d(22). Moderate intakes of sugar were determined from the DGAA where they found no evidence that
consuming a diet up to 15 – 20 % of energy from sugar was detrimental to a healthy diet(22). Extra foods were defined as
foods that were energy dense containing higher levels of
sugar, fat or salt with one serve equivalent to 600 kJ(23).
Examples described in the AGHE include biscuits, cakes,
soft drinks, ice cream, pies, hot chips and high-fat takeaway
items. Identification and characterisation of additional extra
foods were determined from research by Rangan et al.(24).
To follow dietary guideline recommendations as closely as
possible, the non-dietary component of the AGHE, preventing
weight gain, was included in the TDS. In this way, half
the score was assigned to energy balance, calculated as the
ratio of energy intake:energy expenditure with a maximum
score given for ratios falling between 0·76 and 1·24, defined
as the 95 % confidence levels of agreement between energy
intake and energy expenditure(25). The other half of the
score was assigned to leisure-time physical activity. Physical
activity levels were self-reported using questions from
the Australian National Heart Foundation’s Risk Factor
Prevalence Surveys(26). Details of walking exercise and
the performance of moderate or vigorous activities were
used to calculate metabolic equivalents.min (MET.min) as
described by Brown & Bauman(27). Subjects were categorised
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into low (0 to , 600 MET.min), moderate ($ 600 to ,1500
MET.min) and high ($ 1500 MET.min) tertiles of physical
activity. The physical activity guidelines suggest 30 min of
moderate activity, preferably on all days of the week and
600 MET.min is comparable to 30 min of physical activity on
5 d of a week(27). Subjects in the highest MET tertile scored 1
point, reducing to a 0 point score for subjects in the lowest
MET tertile.

Dietary guideline/
component

British Journal of Nutrition

1. Eat plenty of
vegetables,
legumes and
fruit

Drinking adequate water and food safety categories from
the DGAA were not included in the analysis because data
on these items were not available in the present study.

Analysis variables
Demographic and lifestyle covariates used in this analysis
were taken from an interviewer-administered questionnaire
completed at the baseline visit. BMI was calculated as

Score

Component subscore

Total vegetable
serves/d*

7 serves
5·6 serves
4·2 serves
2·8 serves
1·4 serves
≥1 serve green
≥1 serve orange
≥1 serve of cruciferous
≥1 serve of tuber or bulb
≥0·5 serves of legumes

0·5
0·4
0·3
0·2
0·1
0·1
0·1
0·1
0·1
0·1

3 serves
2 serves

1
0·5

4 serves
3 serves
2 serves
1 serve
6 serves
5 serves
4 serves
3 serves
2 serves
1 serve

1
0·75
0·5
0·25
1
0·83
0·66
0·5
0·33
0·166

4 serves
3 serves
2 serves
1 serve
6 serves
5 serves
4 serves
3 serves
2 serves
1 serve

1
0·75
0·5
0·25
1
0·83
0·66
0·5
0·33
0·166

Vegetable variety
score/d

Total fruit serves/d†
2. Eat plenty of
cereals,
preferably
whole grain/
meal

549

Total cereals serves/d
Women

Men

Whole-grain cereal
serves/d
Women

Men

Total score

2

2

3. Include lean
meats, fish,
poultry and/
or alternatives

Meat/alternative/d

≥1 serve

1·5

Lean red meat/week
(i.e. > 0·428/d)

≥3 serves

0·5

2

4. Include milk,
yoghurts,
cheese and/or
alternatives

Total dairy serves/d

≥2–3 serves
≥3–4 serves
1–<2 serves
>4 serves
0–<1 serves
S/LF>whole milk
S/LF=whole milk
Whole milk>S/LF

1·5
1·0
1·0
0·5
0
0·5
0·25
0

2

Ratio of skimmed/low
fat (S/LF) intake: whole
milk intake
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Dietary guideline/
Score
component
5. Limit saturated Percentage of energy
fat and
from saturated fat
moderate
total fat intake
Fish serves/week

6. Choose foods
low in salt

7. Limit alcohol
intake if you
choose to
drink

Na intake/d

Alcohol intake/d
Women
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Men

Component subscore

Total score

<10% energy
10–12% energy
>12% energy

1
0·5
0

≥ 2 serves
1–<2 serves
<1 serve

1
0·5
0

≤ 40 mmol (920 mg)
2
> 40–≤100 mmol (920–2300 mg) 1
>100 mmol (2300 mg)
0

2

≥0 g–<10 g
≥10 g–<20 g
≥20 g
≥0g–<20 g
≥20 g

2
1
0
2
0

2

8. Consume only
moderate
amounts of
sugars and
foods with
added sugars

Percentage of energy
from sugar

<15% total energy
≥15–<20% total energy
≥20% energy

2
1
0

9. Extra foods,
not essential
to provide
nutrients and
maybe high in
salt, fat or
sugar

Extra food serves/d
Women

<2·5 serves
2·5–<4 serves
>4 serves
<3 serves/d
3–<5 serves
≥5 serves

2
1
0
2
1
0

0·76–1·24
<0·76 or >1·24

1
0

Lowest tertile
Middle tertile
Highest tertile

0
0·5
1

Men

10.Prevent weight Ratio of energy intake
gain: be
to energy expenditure
physically
active and eat Physical activity (METs)
according to
energy needs
Drink plenty of
water

Not scored

Care for food

Not scored

Total score

2

2

2

2

20

Fig. 1. Scoring system for the Total Diet Score based on the Australian Dietary Guidelines and the Australian Guide to Healthy Eating. * Vegetables: 7 serves, as
indicated by weighed food records (FFQ overestimates) (replacing five serves). † Fruit: 3 serves, as indicated by weighed food records (FFQ overestimates)
(replacing two serves). S/LF, skimmed/low fat; MET, metabolic equivalents.

weight (kg) divided by height (m2), which were measured at
baseline examinations using standardised methods. The following two BMI variables were created: ‘low BMI’ defined
as , 20 kg/m2 and ‘high BMI’ defined as $ 30 kg/m2. Education was classified as either ‘non-qualified’, having a high
school diploma or less, or ‘qualified’, having any post-school
qualification (including trade certificate, diploma and/or
degree).
Blood pressure was measured after sitting for at least
10 min, using standardised methods. Hypertension was
defined using the 2003 WHO guidelines, taking as hypertensive grade 2 or above (severe hypertension), which

included persons previously diagnosed as hypertensive and
currently using anti-hypertensive medications, or those with
a systolic blood pressure $ 160 mmHg or diastolic blood
pressure $ 100 mmHg at examination. A history of acute
myocardial infarction, stroke or cancer was self-reported
by subjects who answered yes to the question ‘Has a
doctor advised you that you have any of the following conditions?’. Walking disability was assessed by the examiner
during the clinic visit in subjects who had walking difficulties
or used a cane/crutches/walker or a wheel chair. Leucocyte count was measured from fasting blood samples and
determined using the Coulter counter method. Dietary
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supplement users were defined as individuals who consumed
supplement(s) for a minimum of 4 d/week at least 2 months
before the study.

(1 SD ¼ 2·19). Sensitivity analysis was performed by excluding
one component at a time from the TDS to determine whether
any individual component influenced the total score.

Statistical analysis

Results

All statistical analyses were performed using SAS (version 9.1;
SAS Institute). Quintiles of TDS were created from the overall
study population and the mean intake of selected foods was
calculated for each quintile. Regression models were used to
calculate mortality hazard risk (HR) ratios with 95 % CI
for each quintile. The first multivariate model was adjusted
for age and sex; the second model adjusted for age, sex
and lifestyle variables including smoking, BMI, education
and diet supplement use. A final multivariate model was
adjusted additionally for poor self-reported health, hypertension, diabetes, acute myocardial infarction, stroke, cancer,
leucocyte count and walking disability. Quintile 1 (lowest)
was used as the reference group and P for trend , 0·05 was
considered significant. The data were also analysed as continuous scores to determine mortality risk for each standard
deviation increase in TDS for all multivariate models

Baseline characteristics of the subjects are given by quintile
of TDS in Table 1. Women, non-smoking subjects and those
with post-high school qualifications had trends for increasing
TDS. Decreasing trends by TDS quintile (P for trend, 0·05)
were found for the number of subjects who self-reported
fair or poor health.
In this population of older Australians, the baseline TDS
ranged from a minimum score of 2·97 to a maximum of
15·40, out of a possible score of 20 (Table 2). Table 2 gives
the total mean intakes of the core food groups with greater
intakes of fish, fruit and vegetables, cereals, breads and
cereal-based products and all milk products in persons with
higher TDS (P for trend , 0·0001 for all). As an important
part of the core food groups, the mean intakes of optimal
choice foods were also analysed separately (Table 2). Consistent with the design of the TDS, the number of older

Table 1. Baseline characteristics of the subjects by Total Diet Score quintile (n 2897)

n
Age (years)
Mean
SD

Sex (n 2897)
Female
Marital status (n 2893)
Married or de facto
Divorced or separated
Widowed
Never married
BMI (kg/m2) (n 2856)
Low , 20 kg/m2
Moderate 20 – , 30 kg/m2
High $ 30 kg/m2
Smoking status (n 2777)
Never
Past
Current
Physical activity (n 2841)
Low
Moderate
High
Education (n 2762)
Tertiary
Diet supplement use (n 2897)
Self-reported health (n 2858)
Excellent/good
Fair/poor
Walking disability (n 2888)
Hypertension (n 2888)
Diabetes (n 2897)
AMI (n 2893)
Stroke (n 2894)
Cancer (n 2894)
AMI, acute myocardial infarction.
* P for trend ,0·05.

Quintile 1 (%)

Quintile 2 (%)

Quintile 3 (%)

Quintile 4 (%)

Quintile 5 (%)

579

580

578

583

577

65·5
9·9

65·8
9·5

65·3
9·7

64·6
8·9

65·7
8·5

43·7

51·0

56·1

59·0

70·0*

64·7
10·9
16·4
8·0

67·0
10·5
15·4
7·1

66·9
11·1
14·9
7·1

70·8
9·6
12·5
7·0

62·2
13·0
17·5
7·3

6·2
77·1
16·7

5·5
77·3
17·3

5·1
74·6
20·3

3·3
79·5
17·2

5·2
79·3
15·5

38·0
38·7
23·3

41·0
41·3
17·7

48·8
35·7
15·6

57·2
34·3
8·5

59·3
34·3
6·4*

59·9
27·0
13·1

58·1
22·5
19·4

50·7
26·7
22·6

43·2
29·1
27·7

37·5
31·3
31·3*

54·5
30·1

60·2
35·0

59·1
34·3

62·5
36·7

61·8*
48·3*

70·9
29·1
7·3
45·9
5·2
6·2
6·0
8·5

74·3
25·8
3·1
46·0
6·9
7·9
5·0
7·9

77·2
22·8
5·7
46·3
5·4
8·7
4·5
9·2

82·0
18·0
4·0
42·1
8·9
8·6
4·0
8·3

79·9
20·1*
4·4
46·7
10·1*
10·8*
4·0
8·5

449·4**
409·5**
507·6**
396·8**
276·1**
170·0**
39·1**
91·0**
58·7**
375·5**
275·6**
57·8**
318·1**

577
12·39
12·20
11·17
15·40
428·5, 470·3
389·5, 429·5
491·7, 523·5
383·1, 410·5
264·8, 287·3
159·9, 180·1
36·2, 42·0
86·0, 96·1
55·0, 62·3
356·9, 394·1
255·7, 295·5
45·9, 69·7
290·3, 345·9
381·4
345·9
471·6
352·2
232·5
129·7
32·3
108·6
62·1
368·9
206·9
84·4
337·4

583
10·45
10·45
9·77
11·15
357·9, 404·9
323·5, 368·4
456·1, 487·0
339·2, 365·1
221·8, 243·2
120·7, 138·7
30·0, 34·7
102·8, 114·4
58·1, 66·1
348·6, 389·3
187·0, 226·8
71·3, 97·5
308·7, 366·0
342·4
308·5
446·4
328·2
214·0
116·2
26·6
110·3
57·0
357·9
161·0
142·1
379·4

578
9·19
9·16
8·63
9·75
324·5, 360·3
291·5, 325·6
431·7, 461·1
315·9, 340·5
204·1, 224·0
107·6, 124·7
24·6, 28·5
104·8, 115·8
53·2, 60·7
336·1, 379·7
141·5, 180·4
118·5, 165·7
349·0, 409·8
245·8
219·4
383·0
267·3
165·6
78·6
17·4
118·9
42·2
311·1
101·4
382·7
466·2

306·4
276·1
413·9
296·4
197·4
95·4
23·1
114·0
52·4
313·2
113·9
205·0
378·0

580
8·02
8·00
7·36
8·63
287·5, 325·2
258·1, 294·1
398·9, 428·9
284·3, 308·5
187·4, 207·3
87·7, 103·2
21·1, 25·0
107·9, 120·1
48·3, 56·4
294·6, 331·7
98·3, 129·5
176·4, 233·6
349·1, 406·9
**P for trend ,0·0001.

227·8
202·9
367·1
255·2
156·8
71·6
16·1
112·8
38·8
286·7
85·2
344·2
433·8

95 % CI
Mean (g)
95 % CI
Mean (g)
95 % CI
Mean (g)
95 % CI
Mean (g)
95 % CI

Quintile 4
Quintile 3
Quintile 2
Quintile 1

579
6·22
6·53
2·97
7·35
209·8,
186·5,
351·3,
243·1,
147·9,
64·6,
14·8,
106·6,
35·3,
262·2,
68·9,
305·6,
401·3,
n
Mean TDS
Median TDS
Minimum TDS
Maximum TDS
All fruit (including dried and canned fruit)
Fresh fruit
All vegetables
Vegetables excluding potatoes
Cereals, breads and cereal-based products
Wholemeal/whole-grain cereals
Fish
All red meat
Leaner red meat
Dairy products
Low- or reduced-fat milk
Alcoholic beverages
Extra foods

The present findings show that, overall, older Australians
who more closely followed the DGAA had a significantly
lower all-cause mortality risk over the next 15 years. Further,
participants with higher levels of diet quality included significantly greater quantities of a range of recommended optimal
choice foods in their diets, suggesting that following the
current Australian dietary guidelines may reduce the likelihood of all-cause mortality.
The goals of different diet quality indices may influence
the relationship between diet quality and the risk of chronic
disease and/or mortality(12). Predicting health outcomes
often depends on the purpose of the index, for example
both the Diet Quality Index and Healthy Eating Index (HEI)
were adapted to improve chronic disease risk prediction and
the alternative HEI was found to have greater capacity to

Mean (g)

Discussion

(Mean values and 95 % confidence intervals)

Australians reporting consumption of optimal choice foods
increased through the quintiles for all major food groups.
For example, mean wholemeal/whole-grain cereal intake
increased by 137 % through quintiles 1 – 5. Total dairy intake
increased by 31 % between quintile 1 and quintile 5, yet
intake of low- or reduced-fat milk increased by 224 % from
the lowest to the highest quintile of TDS.
During the 15-year follow-up, 1047 (36·2 %) subjects died.
Participants with higher TDS had a lower risk of all-cause
mortality. Subjects in quintile 5 had a significant 21 %
decreased risk of all-cause mortality compared with the
reference group (quintile 1) (multivariate-adjusted HR 0·79,
95 % CI 0·63, 0·98, P for trend¼ 0·04) and a 23 % decreased
risk of cardiovascular mortality (adjusted HR 0·77, 95 % CI
0·57, 1·05, P for trend¼0·1) (Table 3). No association between
diet quality and cancer mortality was found in any of the
models (Table 3). Sex was assessed as a potential effect
modifier but no statistically significant interaction was found
(Table 3), and therefore we decided not to stratify by sex.
In addition, we re-ran the analysis after excluding subjects
(n 98) who died within the first 2 years of follow-up and
found similar results for both all-cause mortality (adjusted
HR 0·83, 95 % CI 0·66, 1·04) and CVD mortality (adjusted
HR 0·76, 0·57, 1·01).
We also examined TDS as a continuous variable and
observed an 8 % (P¼0·02) decrease in multivariate-adjusted
all-cause mortality per standard deviation increase in TDS
(1 SD ¼ 2·19 units; HR 0·92, 95 % CI 0·86, 0·99). A similar
decrease in cardiovascular mortality was observed for each
standard deviation increase in TDS (HR 0·91, 95 % CI 0·82,
1·00) but not for cancer mortality.
We performed sensitivity analysis to determine whether
the association between TDS and mortality was influenced
by any specific individual TDS component. Each component was removed, one at a time, from the total score
and the analysis was then conducted again. This analysis
demonstrated that the present results were not sensitive
to the removal of any single component and the trend
was similar for all models (see Supplementary material 2,
available online).

Quintile 5
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Table 2. Description of the range of Total Diet Scores (TDS) in each quintile, with associated consumptions of lean red meat, fish and fruit and vegetables
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Table 3. Total Diet Score (TDS) and risk of total and cause-specific mortality by quintile of TDS and as a continuous variable
(Hazard risk ratios (HRR) and 95 % confidence intervals)

Deaths

British Journal of Nutrition

TDS quintile
All-cause mortality
Quintile 1
Quintile 2
Quintile 3
Quintile 4
Quintile 5
Cardiovascular mortality
Quintile 1
Quintile 2
Quintile 3
Quintile 4
Quintile 5
Cancer mortality
Quintile 1
Quintile 2
Quintile 3
Quintile 4
Quintile 5

HRR by standard deviation
of TDS*

HRR by TDS quintile*

Subjects (n)

n

%

HRR

95 % CI

P for trend

Sex interaction

477
484
503
509
517

194
180
179
162
153

41
37
36
32
30

1·0
0·92
0·95
0·90
0·79

Ref
0·75, 1·13
0·78, 1·17
0·73, 1·11
0·63, 0·98

0·04

P¼ 0·62

477
484
502
509
517

95
94
100
85
79

20
19
20
17
15

1·0
0·92
1·05
0·92
0·77

Ref
0·69, 1·23
0·79, 1·40
0·68, 1·25
0·57, 1·05

0·1

P¼ 0·74

477
484
503
509
517

57
64
61
56
54

12
13
12
11
10

1·0
1·14
1·09
1·01
1·01

Ref
0·80, 1·63
0·76, 1·58
0·69, 1·47
0·69, 1·49

0·8

P¼ 0·94

HRR

95 % CI

P for trend

0·92

0·86, 0·99

0·02

0·91

0·82, 1·00

0·06

0·98

0·87, 1·11

0·8

Ref, reference.
* Adjusted for age, smoking BMI (low, high), education, dietary supplement use, self-reported poor health, hypertension, diabetes, acute myocardial infarction, stroke, cancer,
leucocyte count and walking disability.

predict chronic disease risk(28). The aim of the TDS was to
examine overall diet and how closely participants adhered
to the DGAA and the AGHE as well as to determine whether
following the dietary guidelines reduced the risk of mortality.
Another diet quality index, the Recommended Food Score, has
been found to predict chronic disease risk better than more
complex indices. However, the Recommended Food Score
scoring system only scores intakes of recommended foods in
the diet, in particular fruit and vegetable intake, and does
not consider energy-dense nutrient-poor foods, such as extra
foods(2).
An inverse association between diet quality and the risk of
all-cause mortality and cause-specific mortality has been
reported in a number of studies. These findings were based
on reduced mortality risk and adherence to a Mediterranean
diet pattern(29) and the WHO’s guidelines for preventing
chronic disease(30). However, results from indices that are
based more closely on published dietary guidelines do not
show a consistent inverse relationship between diet quality
and all-cause mortality, CVD or cancer mortality(31,32).
The evidence for a relationship between diet quality and
cancer mortality is inconsistent in adults. The present nonsignificant findings for cancer mortality after multivariate
adjustment are similar to other studies that have used different
diet quality indices(31 – 33). There are many different types
of cancer and the effect of dietary factors varies between
different cancer sites. However, we only investigated total
cancer mortality and had insufficient power to explore sitespecific cancer types.
The inconsistent findings could be explained by the low
level of compliance to dietary guidelines and the reduction
in the risk of mortality or the development of chronic disease
may be improved if overall diets were improved. The results

from the present study suggest poor compliance with dietary
guidelines with the maximum score reaching approximately
75 % compliance to dietary guidelines, which is consistent
with other findings in the Australian population(34,35).
However, even at this level, we found a significant decrease
in the risk of all-cause mortality in those who had greater
compliance. The present significant findings of higher diet
quality in those who had an existing diagnosis of diabetes
or acute myocardial infarction suggest that older adults may
be willing to change their diet due to health reasons but as
the baseline data in the present study were cross-sectional, it
is not possible to explain these results fully.
The TDS differs from other indices in a number of ways.
The dietary guidelines were designed to be applied to
the total diet with no individual guidelines being considered
in isolation; therefore, we gave each component equal
weighting. Under the heading of enjoying a wide variety of
nutritious foods, we considered four core groups, keeping
vegetables, legumes and fruits as one component as described
in the DGAA. We included a score for the non-dietary
component prevention of weight gain measured by energy
balance ratio and physical activity levels that has been
excluded from previous diet quality indices(18,34). The importance of regular physical activity is emphasised by its inclusion
in the DGAA since 1992 as part of maintaining a healthy body
weight(22). ‘Extra’ foods were considered as an individual
component because they capture many energy-dense nutrient-poor foods that are not included in the core food
groups and may only partly contribute to nutrient intake.
These are highlighted in the AGHE which provides materials
for the general public to use to help manage their diet. It has
been reported that ‘extra’ foods contributed 36 % of energy
from sugars in Australian adults, considerably higher than
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the recommended levels and 99·1 % consumed at least one
‘extra’ food(24).
To our knowledge, this is the first Australian study to
examine longitudinal data assessing the relationship
between diet quality and mortality using a tool based on
the DGAA and AGHE. Cross-sectional studies in Australia
to date have reported generally higher nutrient intakes
with higher diet quality scores(34,36). There were no known
validated Australian diet quality indices at the time the
TDS was developed; therefore, an index assessing the
2005 American Dietary Guidelines was reviewed that distinguished between food intake relating to energy and optimal
choice recommendations to make improvements to the
TDS(18). The significant trend for higher consumption of
fruits and vegetables, fish, whole-grain breads and cereals
across the TDS quintiles is similar to the findings from
studies in the USA, Europe and Australia(16,37 – 40). However,
the variety of scoring methods for diet quality such as the
Recommended Food Score and Mediterranean Diet Score,
length of mortality follow-up and differing covariate adjustments limits direct comparison of the present findings with
other studies. With regard to potential confounders, we
adjusted for known modifiable health behaviours in the
second model but not for alcohol and physical activity
levels, as these were included as components of the TDS.
For the final multivariate model, we adjusted for a range
of health conditions including chronic diseases and walking
disability which are known to be related to diet(41).
The present study has a number of limitations. Using FFQ
for self-reported dietary intake can underestimate energy
intake(42) or overestimate fruit, vegetable and dairy
intakes(43,44). To allow for this overestimation, we increased
the cut point for fruit and vegetable intake per d to three
serves and seven serves, respectively. However, the present
results provide a good indicator of the proportion of optimal
foods consumed between those in the lowest to highest quintile of TDS. For example, total red meat intake reduced from
quintile 1 to quintile 5, while choosing leaner red meat cuts
increased across the quintiles in the opposite direction. The
reduction in red meat intake could be explained by higher
fish intake with intakes increasing by 143 % from the lowest
to the highest quintile of TDS. In addition, the FFQ only
measures diet at one time point and not over a lifetime. However, older adults may have established eating patterns that
remain constant over time(42).
A further limitation is the assumption that the dietary
guidelines used to define diet quality indices are based on
the best available scientific knowledge, though this may not
necessarily be the case as it is difficult to keep dietary guidelines up to date(45). The DGAA were developed to provide
guidelines for diet targeting overall health and well-being,
but they are not disease specific and may provide protective
benefits for some diseases and not others(46). Many subjects
had at least one chronic disease at baseline, which was
adjusted for in model 2 of the present analysis. The data
were reanalysed, excluding participants who died within
2 years of baseline and the results were similar throughout.
However, there is the possibility that residual confounding

may have influenced the associations between mortality
and dietary intakes. Although we accounted for known confounders, mortality causation is multifactorial and there may
be other confounding factors that need to be considered.
The strengths of the present study include its high response
rate in a population-based sample as well as detailed data
collection enabling us to assess a wide range of potential
confounders. The present study population is representative
of the Australian population in the same age group, except
for a slightly higher SES shown by a higher proportion
who owned their home, a higher proportion with qualifications after leaving school and a lower proportion of manual
workers(47).
In conclusion, these data provide useful information about
the relationship between adhering to dietary guidelines and
mortality risk in a representative older Australian population.
As assessment of diet quality was based on adherence to the
DGAA, the TDS could be applied to longitudinal data assessing the effects of diet quality and morbidity or mortality
risk in other Australian adult populations.
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